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In  recent  years,  technological  advances 
in  force  management  and  control  have 
revolutionalized  traditional  command- 
and-control  concepts.  While  weapons 
have  increased  in  range  and  capability, 
advances  in  automatic  data  processing, 
communications,  and  other  fields  of 
electronics  have  extended  the  battlefield 
to  global  proportions.  Management  and 
integration  of  forces  now  require  greater 


Discounting,  the  practice  of  converting 
annual  cash  flows  into  comparable 
dollar  amounts  by  diminishing  the  value 
of  future  dollars  relative  to  the  prevail- 
ing value  of  the  dollar,  often  breaches 
prescribed  fiscal  guidelines.  Nonethe- 
less, discounting  seems  to  have  its  place, 
particularly  where  managers  must  pro- 
vide specific  levels  of  efficiency  and  are 
not  fiscally  constrained.  But  is  discount- 


Under  matrix  management,  an  employee 
may  work  for  two  managers — one  who 
heads  the  functional  “shop”  for  his 
specialty  and  another  who  may  employ 
him  on  a particular  project.  Although 
this  unusual  approach  may  seem  anti- 
thetical to  the  traditional  military  chain- 
of-command  concept,  it  has  proven 
quite  effective  for  the  special  program 


“What  you  need  to  do  is  relax!”  well- 
meaning  friends  may  say,  and  we  sense 
that  they’re  probably  right.  But  chances 
are  we  merely  become  more  nervous 
worrying  that  we’ve  received  some  sensi- 
ble advice  we  don’t  know  how  to  use.  In 
this  article,  a physician  and  a health 
educator  present  a way  for  us  to  learn  to 


technical  skill  as  well  as  new  organiza- 
tions and  procedures.  The  author,  the 
Assistant  Secretary  of  Defense  for  Com- 
munications, Command  and  Control 
(C^)  discusses  the  unique  problems  of 
force  control  management  within  DoD 
and  organizational  efforts  to  solve  them, 
the  difficulties  faced  by  industry,  and 
current  NATO  initiatives  to  increase  in- 
ternational cooperation. 


ing  appropriate  where  managers,  oper- 
ating within  fiscal  constraints,  are  tasked 
with  maximizing  effectiveness?  There 
are  differing  schools  of  thought  on  this 
issue.  This  article  takes  a look  at  those 
divergent  precepts  and  examines  the  ap- 
propriateness of  discounting  as  a 
management  tool  in  a fixed-budget  en- 
vironment. 


offices  of  the  Aeronautical  Systems 
Division  at  Wright-Patterson  Air  Force 
Base,  Ohio.  In  this  article,  the  author  il- 
lustrates how  matrix  management 
works,  assesses  some  of  its  drawbacks, 
and  suggests  that,  in  many  instances,  the 
concept  is  better  suited  to  meeting 
management’s  needs  than  more  or- 
thodox structures. 


follow  this  advice.  They  draw  their 
method  from  techniques  that  are  ages 
old.  In  fact,  they  tell  us,  the  method 
elicits  one  of  our  innate  abilities.  They 
call  it  “the  relaxation  response.”  The 
authors  make  a convincing  case  for  put- 
ting it  to  use  right  where  it  is  most  need- 
ed today — at  work. 
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Secretary  Brown  on 
Civil  Service  Reform 


Traditionally,  the  rigors  of  the 
developmental  testing  environment  have 
been  less  demanding  than  those  of  the 
actual  mission  environment.  Conse- 
quently, systems  that  satisfy  reliability 
criteria  in  the  laboratory  often  prove  less 
than  reliable  after  deployment.  In  a bid 
to  counter  the  increased  support  costs 
that  result  from  this,  the  Navy  has 


The  Army  Depot  at  Red  River,  Texas, 
has  introduced  an  innovative  procedure 
for  identifying  best-qualified  candidates 
for  a job  vacancy.  It  is  more  exhaustive 
and  possibly  more  reliable  than  the 
selection  procedure  outlined  in  the  Civil 
Service  Merit  Promotion  program.  The 
procedure,  known  as  Ability,  Skill,  and 
Knowledge  Merit  Evaluation,  or  ASK 
ME,  includes  an  actual  performance 


The  operations  and  maintenance 
workload  at  Army  installations  is  grow- 
ing faster  than  the  availability  of 
resources  to  meet  it.  This  disparity  is 
widening  as  new  facilities  demand  more 
sophisticated  maintenance  and  new 
regulatory  measures  demand  stricter 
compliance.  In  an  effort  to  close  this  gap 
and  bolster  operations  and  maintenance 
activities,  the  Chief  of  Army  Engineers 
sponsored  a comprehensive  and  detailed 


In  1975  the  U.S.  Army  Computer 
Systems  Command  decided  to  use  its 
computer  resources  to  automate  the 
manual  tasks  associated  with  software 
development  in  the  hope  that  it  might 
lower  operating  costs  and  allow  pro- 
grammers and  analysts  to  concentrate 
on  the  more  challenging  problems  of 
software  production.  Here  the  author 
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News  Summary 


adopted  a new  approach  for  incor- 
porating reliability  into  its  major 
weapon  systems.  The  approach  em- 
phasizes the  need  for  design  and  testing 
criteria  to  be  fashioned  after  the  ex- 
pected operational  mission  environ- 
ment. This  article  outlines  how  this  ap- 
proach is  being  used  in  the  Navy’s  F-18 
Strike  Fighter  development  program. 


demonstration  by  the  candidate,  an  oral 
evaluation,  and  a candidate  self- 
assessment.  Evaluations  of  the  pro- 
cedure confirm  its  validity  as  a rating 
method  and  predictor  of  employee  suc- 
cess. Moreover,  management,  labor, 
and  union  representatives  collaborated 
in  its  development  and  endorse  its  adop- 
tion. 


study  of  the  Army’s  real  property 
management.  Particular  attention  was 
focused  on  the  role  and  authority  of 
facilities  engineers.  Study  findings  and 
the  related  163  recommendations  are 
now  being  evaluated.  This  article  cites 
the  study  group’s  key  findings  and 
recommendations,  and  offers  a hint  of 
what  to  expect  in  the  real  property 
management  arena  in  the  near  future. 


reveals  how  the  tools  needed  to  develop 
this  “software  factory”  were  deter- 
mined. In  all,  13  tools  were  identified 
that  would  upgrade  the  current  software 
factory  to  a point  consistent  with  the 
goal  of  the  project.  In  the  process,  some 
noteworthy  lessons  on  the  retooling  of  a 
software  factory  were  learned. 
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DAAJ's  f^for  Reading  Vitality 


Just  as  the  human  body  needs  regular  nourishment  to  remain  healthy  and  strong,  a journal 

needs  the  periodic  infusion  of  its  readers'  ideas  and  opinions  to  retain  its  vitality.  Certainly,  the 
"letters  to  the  editor"  section  of  a magazine  serves  this  purpose  on  a continuing  basis.  But  this  issue 
of  the  Defense  Management  Journal  offers  you,  the  defense  manager,  that  opportunity  in  the  more 
structured  and  immediate  form  of  a readership  survey. 

Over  the  past  two  years,  the  DMJ  has  changed  dramatically.  This  is  due  in  part  to  the  responses 
to  the  last  readership  survey.  You  asked  for  a more  frequently  published  magazine,  and  you  got  it. 
You  asked  the  DMJ  to  cover  as  broad  a spectrum  of  defense  management  issues  as  possible  in  each 
issue,  and  you  got  that,  too.  Now  you  are  being  asked:  Is  the  DMJ  adequately  filling  your 
professional  reading  needs?  What  more  can  the  magazine  do  for  you? 

The  editors  at  the  DMJ  have  made  a determined  effort  to  avoid  any  self-aggrandizement  in  this 
questionnaire.  While  we  feel  it  would  be  nice  to  know  if  the  readership  finds  the  DAAJ  to  be  a 
visually  appealing  publication,  we  believe  it  is  more  important  to  learn  why  you  read  certain  articles 
or  departments  and  how  you  choose  what  you  will  read. 

The  Defense  Management  Journal  draws  much  of  its  strength  from  the  fact  that  half  of  its  feature 
articles  are  the  result  of  your  unsolicited  manuscripts.  I know  of  no  other  magazine  that  devotes  as 
much  space  to  its  readers'  submissions.  And  although  this  requires  the  DAAJ  editors  to  provide 
authors  a wider  range  of  editorial  services,  we  agree  that  this  is  as  it  should  be.  The  DAAJ  is  as 
much  the  defense  manager's  publication  as  it  is  the  Defense  Department's  official  policy  magazine. 

Of  course,  there  is  always  the  danger  that  the  editors  do  not  have  their  collective  finger  on  the 
pulse  of  the  needs  of  the  audience.  That  is  why  we  are  asking  for  your  assistance  once  again.  Take 
the  five  minutes  to  fill  out  the  survey  card;  be  constructively  critical  if  you  like;  add  narrative  com- 
ments when  you  deem  them  necessary.  Encourage  your  fellow  managers  to  do  the  same. 

Finally,  if  you  are  interested  in  discussing  an  article  idea,  or  if  you  would  like  to  be  part  of  a 
control  group  to  assess  the  effectiveness  of  each  issue  in  the  coming  year,  complete  the  bottom 
portion  of  the  survey  card  and  you  will  be  contacted  in  the  near  future. 


Larry  J.  Wilson 

Editor 
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Communications,  Command, 
and  Control:  Changing  the  Face 
of  Force  Management 


Increasingly  sophisticated  technology  is  challenging  traditional  force-control 
concepts  and  imposing  new  demands  on  defense  managers. 
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By  Robert  J.  Hermann 


The  ability  to  control  weapons  and  maneuver  units 
rapidly  and  efficiently  is  critical  to  a modern  mili- 
tary force.  It  is  particularly  crucial  to  the  United  States 
and  its  allies,  which  now  count  on  equipment  superiority 
and  effective  force  management  to  counter  a quantitative 
disadvantage. 

Currently,  is  the  most  common  U.S.  term  for  force 
management  and  control.  Literally,  it  means  communica- 
tions, command,  and  control,  and  includes  data-processing 
systems  that  reduce  and  manipulate  information;  naviga- 
tion systems  that  provide  relative  and  absolute  positions; 
a considerable  variety  of  sensor  systems  for  intelligence, 
reconnaissance,  and  surveillance.  These  systems  are 
centrally  within  the  purview  of  the  Office  of  the  Assis- 
tant Secretary  of  Defense  for  Communications,  Com- 
mand, Control,  and  Intelligence. 

Significance 

Although  C^  has  always  been  an  important  aspect  of 
military  operations,  only  recently  has  it  included  such  an 
extensive  amount  of  sophisticated  technology.  C^  now 
needs  greater  management  attention  and  emphasis  to  keep 
pace  with  the  state  of  the  art  of  both  those  weapons  and 
forces  to  be  controlled  and  those  to  be  opposed. 

Recent  technological  advances  have  had  a significant 
impact  on  the  development  and  application  of  defense- 
related  systems.  These  systems  include: 

• Rocket-powered  missiles. 

• Computers. 

• Sensors. 

• Communications,  surveillance,  and  navigation 
satellites. 

Certainly,  today’s  weapon  systems  have  a markedly 
greater  range, speed,  and  accuracy  than  previous-genera- 
tion weapon  systems.  Concurrently,  intelligence,  recon- 
naissance, and  surveillance  developments  have  provided 
for  extended  geographic  coverage,  greater  precision,  and 
a data-handling  capacity  to  process  large  volumes  of  in- 
formation. Finally,  communications  systems  are  provid- 
ing wider  bandwidths  over  global  distances. 

There  are  several  important  consequences  of  these  new 
capabilities  with  respect  to  force  management.  These  are 
summarized  in  Figure  1 . 

Obviously,  the  battlefield  now  poses  a problem  of  in- 
tegration: the  capabilities  of  multiple  units  of  different 
services  and  of  different  nations  must  be  managed  as  an 


integrated  whole.  This  requirement  challenges  traditional 
organizational  concepts  and  procedures,  particularly 
those  related  to  command  and  control. 

Furthermore,  these  technological  developments  demand 
greater  skill  on  the  part  of  those  who  must  manage  or 
control  weapons  and  forces.  Military  systems  designers, 
planners,  and  most  particularly,  commanders  must  in- 
crease their  technical  skills  to  understand  how  to  use  the 
new  force-control  machinery  in  determining  the  nature 
of  a conflict  and  utilizing  weapons  effectively. 

Unique  Aspects 

has  certain  characteristics  which  must  be  considered 
in  developing  and  applying  new  capabilities.  For  example, 
systems  are  primarily  evolutionary  in  nature.  Instead 
of  totally  new  command-and-control  systems  being  de- 
veloped, the  old  systems  are  continually  modified.  Nat- 
urally, this  impacts  not  only  on  hardware  and  software, 
but  on  the  procedural  aspects  of  management  and  control 
as  well. 


Because  is  evolutionary,  it  needs  a central  point  to 
control  and  monitor  its  evolution.  And  because  the 
function  permeates  the  entire  command  structure,  re- 
sponsibility for  its  management  logically  rests  with  the 
highest  commanding  element. 

Problems  and  Solutions 

Each  of  the  services  acquires,  equips,  and  trains  its 
basic  units.  But  to  achieve  a combined  or  allied  force. 


Figure  1.  How  Recent  Technological  Advances 
Have  Affected  Force  Management 


The  size  of  a conflict  area  has  clearly  expanded 
beyond  line-of-sight  and  over-the-horizon 

Weapons  have  greater  range  and  capability 


Sensor  coverage  and  capabilities  overlap  and 
require  coordination  for  effective  use 

The  coherence  of  forces  depends  almost 
entirely  on  communications,  data  processing, 
and  other  electronics-related  functions 
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these  basic  units  must  be  grouped  under  a single  com- 
mand. Unfortunately,  there  are  no  powerful  institutions 
through  which  a joint  or  allied  commander  can  acquire 
the  systems  to  effectively  manage  the  units  under  his 
command.  Theoretically,  a commander  acquires  a 
capability  by  expressing  a military  operational  require- 
ment, usually  a need  for  tangible  assets.  However,  such 
a requirement  is  rarely  satisfied  by  the  mere  delivery  of  a 
new  piece  of  equipment.  Therefore,  while  the  statement 
of  a military  operational  requirement  is  necessary,  it  is 
not,  within  itself,  sufficient  to  acquire  capability. 
Improving  a command’s  capability  requires  the  care- 
ful integration  of  equipment  development  and  acquisi- 
tion with  a command’s  mission  and  organizational  struc- 
ture. This  makes  it  imperative  that  the  user  become  ac- 
tively involved  in  the  development  process. 

Accordingly,  the  role  of  the  joint-service  commands 
must  be  expanded  in  the  command-and-control  systems 
management  process.  These  commands  must  improve 
their  capability  for  systems  planning,  configuration 
management,  and  implementation  of  modest  system 
changes.  This  will  require  a change  in  the  skills  available 
to  the  command  to  enhance  both  knowledge  of  the  techni- 
cal control  systems  and  the  related  procedural  aspects  of 
force  management. 

To  support  these  command  activities,  it  will  be  neces- 
sary to  strengthen  support  activities.  Figure  2 lists 
several  ways  that  this  can  be  accomplished. 

In  addition  to  the  services,  there  are  now  several  orga- 
nizations which  have  been  created  to  manage  a part  of  the 
process.  These  include  the  Defense  Communications 
Agency,  which  manages  the  Defense  Department’s  com- 
mon-user, long-line  communications;  the  Military  Satel- 
lite Organization,  which  conducts  planning  and  systems 
engineering  for  DoD’s  communications  satellites;  the 


Minimum  Essential  Emergency  Communications  and 
Systems  Engineer,  who  carries  out  planning  and  sys- 
tems engineering  to  assure  the  retention  of  a minimum 
level  of  communications  with  the  strategic  forces  under 
the  most  adverse  conditions;  and  the  Command  and  Con- 
trol Technical  Center,  which  provides  technical  support 
for  the  Worldwide  Military  Command  and  Control  Sys- 
tems’ automatic  data  processing  and  for  the  National 
Military  Command  Center. 

There  are  also  three  other  organizations,  two  recently 
created,  which  assist  in  the  command-and-control  inter- 
operability process:  the  Triservice  Tactical  Communica- 
tions Systems  Organization  (TRI-TAC),  the  WWMCCS 
Systems  Engineering  Organization  (WSEO),  and  the 
Joint  Interoperability  of  Tactical  Command  and  Control 
System  (JINTACCS)  organization.  Each  has  some,  but 
not  all,  of  the  attributes  necessary  to  pull  together  a co- 
herent C^  program. 

Acting  for  the  separate  services,  TRI-TAC  is  basically 
an  acquisition  agent  for  tactical  switched  communica- 
tions. It  accepts  service  requirements,  provides  an  over- 
all architecture  and  systems-engineering  design,  attempts 
to  ensure  standardization  of  systems  and  procedures,  and 
considers  the  advisability  of  introducing  new  systems 
instead  of  modifying  existing  ones. 


Figure  2.  Several  Ways  to  Strengthen 
Support  Activities 


Provide  specialists  to  the  joint-service  and 
allied  commands  to  augment  the  technical 
expertise  available  and  thereby  improve  the 
planning  of  systems  and  processes 

Develop  technical  standards  and  procedures 

Manage  the  configuration  of  system 
characteristics  requiring  centralized  control 


Develop  analytical  techniques  and  a 
permanent  cadre  of  analysts 


WSEO  provides  architectural  and  systems-engineering 
design  for  the  Worldwide  Military  Command  and  Con- 
trol System.  Because  WSEO  was  formed  in  1976,  it  is 
still  premature  to  judge  how  successful  its  approach  will 
be;  however,  improved  organizational  mechanisms  for 
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linking  WSEO  to  the  joint-service  and  service  commands 
are  clearly  needed. 

JINTACCS  designs  interfaces  for  tactical  command- 
and-control  systems.  Given  a list  of  specific  tactical  sys- 
tems which  must  interoperate,  JINTACCS  identifies  what 
is  necessary  to  transfer  information  among  them  and 
specifies  technical  standards  needed  for  support.  It  moni- 
tors the  execution  of  separate  projects  by  the  services, 
which  act  as  its  procuring  agents. 

The  collegial  approach  which  characterizes  most  of 
these  organizations  is  a useful  improvement  over  past 
practices.  However,  these  organizations  have  insufficient 
design  authority  and  funding  control  to  be  a true  C^  archi- 
tectural force. 

Management  in  NATO 

The  need  to  strengthen  the  North  Atlantic  Treaty  Or- 
ganization has  recently  received  much  emphasis  and  sup- 
port at  all  levels.  NATO  military  commanders  have  agreed 
that  their  most  pressing  need  is  improved  command  and 
control.  However,  the  problems  of  achieving  a modern, 
unified  system  for  NATO  and  its  components  also  in- 
clude some  unusual  difficulties. 

NATO  is  an  alliance  of  15  separate,  sovereign  nations 
joined  in  a cooperative  enterprise  that  makes  decisions 
by  committee.  If  one  is  aware  of  the  difficulty  of  achiev- 
ing a joint  capability  among  the  four  services  of  the 
United  States  alone,  then  one  can  readily  appreciate  how 
difficult  it  is  to  achieve  coordination  among  15  NATO 
nations,  each  with  its  own  services  and  unique  problems. 

One  means  of  achieving  unified  is  through  improved 
interoperability.  Interoperability  is  the  ability  of  the 
system  to  operate  as  a whole,  with  data  and  information 
being  exchanged  throughout  the  structure.  The  main 
mechanism  for  achieving  such  interoperability  within 
NATO  is  through  the  development  of  interoperability 
standards  by  a wide  variety  of  NATO  technical  com- 
mittees, panels,  working  groups,  and  agencies.  These 
groups  are  generally  slow  to  produce,  but  they  do  provide 
a vehicle  for  the  nations  of  the  alliance  to  represent  them- 
selves on  these  important  matters. 

Another  means  of  improving  is  through  the  opera- 
tional command  structure.  The  major  NATO  commanders 
have  responsibility  for  planning  forces,  determining  re- 
quirements, and  developing  and  operating  systems  that 
are  fundamental  to  the  creation  of  a NATO  system. 
The  NATO  command  structure  is  the  only  avenue  avail- 
able to  integrate  the  hardware,  software,  and  procedural 
aspects  of  command  and  control;  therefore,  the  role  of 
the  NATO  commanders  in  needs  to  be  strengthened. 

Industrial  Considerations 

Whether  in  the  U.S.  or  NATO,  a modern  system 
cannot  be  achieved  without  the  involvement  of  industry. 
The  U.S.  does  not  have  enough  industrial  people  who 
can  consider  both  the  operational  and  technical  aspects 
of  systems,  and  even  fewer  who  can  apply  this  per- 


spective to  NATO.  The  allied  nations  themselves  have, 
for  a variety  of  reasons,  proportionately  even  fewer  peo- 
ple who  make  their  professional  living  through  under- 
standing both  technical  systems  and  military  operations. 

European  industry  differs  from  American  in  several 
significant  ways.  For  one,  the  Europeans  have  a briefer 
history  of  using  high  technology  for  military  purposes. 
Further,  in  contrast  to  the  U.S.  economy,  the  European 
industrial  sector  and  its  intended  market  are  more  frac- 
tionated. Industrial  practices  and  subsequent  maintenance 
and  logistics  support  concepts  are  also  different  in  Eu- 
rope, as  are  the  statutes  and  regulations  pertaining  to  in- 


dustrial involvement  with  military  systems.  European 
practices  for  hiring  and  firing  employees,  financial  dis- 
closure, interlocking  directorates,  and  cooperative  ar- 
rangements vary  from  nation  to  nation.  U.S.  industry 
must  by  law  engage  in  competitive  bidding,  but  because 
of  a smaller  competitive  base,  European  governments  may 
often  make  direct  arrangements  with  a firm  for  develop- 
ment and  production  of  military  hardware. 

To  develop  a successful  capability,  therefore,  the 
alliance  needs  significant  improvement  in  industrial  co- 
operation across  national  boundaries.  To  encourage  such 
participation,  allied  committees  and  agencies  which  set 
standards  and  approve  common  fund  expenditures  should 
be  strengthened.  And  it  cannot  be  overemphasized  that 
the  systems  planning,  design,  and  implementation 
capabilities  of  the  NATO  command  structure  must  be  in- 
creased. Use  of  such  organizations  as  the  NATO  Integrated 
Communications  System  Management  Agency  and  the 


Figure  3.  Areas  Being  Studied 
to  Improve  NATO 


Strategic  communications  systems  to  connect 
many  NATO  nations,  organizations,  and  military 
units 

Data-processing  systems  for  both  NATO 
organizations  and  national  tactical  units 

Tactical  communications  associated  with 
national  units  earmarked  for  NATO  use 

Maritime  communications  systems  and 
command-and-control  procedures 

Comprehensive  management  of  air  defense, 
air  operations,  and  air-space  control  functions 

Warning  and  intelligence  support  for  NATO 
political  authorities,  regional  military  commands, 
and  national  tactical  units 
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Supreme  Headquarters  Allied  Powers  Europe  Technical 
Center  should  be  expanded  and  new  organizations  created. 
NATO  system-planning  organizations  and  the  industries 
supporting  them  should  be  more  closely  coupled,  and 
procedures  should  be  developed  for  transatlantic  indus- 
trial cooperation  in  C^.  Toward  this  end,  DoD  is  making 
a concerted  effort  to  enter  into  bilateral  and  multilateral 
arrangements,  while  NATO’s  Conference  on  National 
Armaments  Directions  is  attempting  to  establish  co- 
operative C^  procedures. 

Current  Initiatives 

Of  the  many  initiatives  under  way  to  improve  NATO 
C^ , the  most  important  are  found  in  the  recommendations 
of  Task  Force  6,  a part  of  the  NATO  Long-Term  Defense 
Plan.  These  proposals  cover  the  areas  shown  in  Figure  3 
(see  page  7). 

As  of  this  writing,  specific  mechanisms  for  imple- 
menting the  long-term  C^  recommendations  are  not  fully 
resolved.  However,  in  those  segments  of  the  task  force 
recommendation  which  essentially  endorsed  ongoing  ef- 
forts, the  implementation  process  is  reasonably  clear  and 
demonstrates  a variety  of  approaches. 

Strategic  communications  is  being  implemented  as  part 
of  the  efforts  of  the  NATO  Integrated  Communications 
Systems  Management  Agency.  This  organization  provides 
for  architecture,  system  design,  acquisition,  and  configura- 
tion management.  Participating  nations  contribute  to  a 
common  fund  for  the  acquisition  and  operation  of  the 
NATO  communications  system,  and  the  agency  follows 
a return-sharing  formula  in  expending  these  funds.  The 
responsibility  for  operating  the  system  is  vested  in  a 
central  authority  under  the  Supreme  Allied  Commander 
of  Europe. 

A different  approach  is  being  used  in  automatic  data 


processing.  Because  there  is  no  special  agency  for  overall 
management  of  this  function,  each  of  the  major  NATO 
commanders  manages  his  own  system.  The  Supreme  Al- 
lied Commander  of  Europe  has  organized  a project  office 
to  design  and  implement  a command-and-control  ADP 
information  system  at  his  headquarters  in  Belgium.  This 
office  will  award  a contract  for  a systems-architecture 
study  under  NATO’s  international  competitive  bidding 
procedures.  The  European  military  command  will  acquire 
the  system  and  operate  it. 

ADP  and  communications  systems  for  national  and 
tactical-level  units  will  promote  interoperability  primarily 
through  common  standards  and  international  cooperation 
on  specific  projects.  NATO  standard-setting  committees 
and  agencies  must  give  each  member  nation  an  oppor- 
tunity to  meet  a common  NATO  standard.  In  addition, 
international  cooperation  with  industrial  support  on 
specific  projects  will  aid  in  achieving  interoperability. 
For  example,  agreements  are  being  completed  on  tech- 
nical characteristics  to  permit  direct  interoperability  be- 
tween the  U.S.  TRI-TAC  system  and  the  new,  digital 
trunk  networks  being  developed  by  several  NATO  na- 
tions. Another  example  is  the  proposed  agreement  by 
NATO  to  adopt  compatible  communications  security 
equipment.  Still  another  is  the  nine-nation  agreement  to 
participate  in  the  Global  Positioning  System  Project  Of- 
fice. Through  this  office,  in  which  NATO  representatives 
will  work  with  U.S.  personnel  during  full-scale  engi- 
neering development,  equipment  standardization  and 
interoperability  of  time-and-ranging  navigation  systems 
will  be  fostered. 

The  Future  of  O 

Communications,  command,  and  control  systems  reflect 
some  of  the  most  complex  aspects  of  military  planning 
and  operations.  New  technology  has  created  unprecedented 
problems  and  opportunities  in  which  will  require 
changes  in  organization  and  procedures.  The  attention, 
emphasis,  and  support  provided  current  programs 
promise  an  eventual  solution.  It  will  be  more  difficult  to 
improve  the  NATO  C capability,  but  we  must  try.  A 
successful  outcome  in  either  the  U.S.  or  NATO  situa- 
tion requires  more  involvement  of  industrial  sectors.  The 
challenge  is  great,  but  our  security  rests  in  large  part 
on  our  ability  to  succeed.  DJV|J 


DR.  ROBERT  J.  HERMANN  is  the  Principal  Deputy 
Assistant  Secretary  of  Defense  for  Communications,  Com- 
mand, Control  and  Intelligence.  He  also  serves  as  the 
Deputy  Under  Secretary  of  Defense  for  Research  and 
Engineering  for  C^  and  Intelligence. 
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CIVIL  SERVICE  REFORM: 

World  of  Responsibility 
for  Management" 


By  Harold  Brown,  Secretary  of  Defense* 


There  is  a sense  in  which  it  can 
be  said  that  nothing  in  the  Civil 
Service  Reform  Act  is  new — in  fact, 
that  far  from  being  a display  of  in- 
spiration and  invention,  it  is  an  act 
of  plagiarism  from  private  industry. 

Pay  people  according  to  their 
merit.  Establish  bargaining  relation- 
ships by  law  rather  than  by  executive 
fiat.  In  the  private  sector  these  are 
well-tried  and  widely  accepted  tech- 
niques. For  any  company  president 
this  is  familiar  ground. 

But  the  challenge  of  the  moment 
lies  not  so  much  in  the  ideas  as  in  the 
inventive  effort  demanded  to  imple- 
ment them.  Never  has  so  large  a 
work  force  been  asked  to  make  so 
substantial  an  adjustment.  By  one 
single  piece  of  legislation  a system 
that  has  been  in  place  for  95  years 
has  undergone  major  change,  and  a 
new  institutional  technology  has 
been  authorized  and  demanded. 

Just  as  your  predecessors  in  1883 
were  asked  to  make  a new  system 
work,  you  are  now  being  offered  the 

^Secretary  Brown  delivered  these 
remarks  on  October  23,  1978,  at  the 
Conference  on  Civil  Service  Reform, 
Ocean  City,  Maryland. 


rare  experience  and  responsibility  of 
implementing  innovation.  The  chal- 
lenge is  not  whether  you  can  adapt  to 
someone  else's  technical  invention, 
but  whether  you  can  invent  the  infra- 
structure that  will  give  life  to  some 
very  worthwhile  ideas.  In  that  regard, 
there  are  several  respects  in  which 
the  recent  legislation  will  challenge 
government  ingenuity. 

Performance  Appraisal 

First,  the  legislation  provides  a 
charter  for  energizing  the  now-too- 
often  pro  forma  practices  of  civil-ser- 
vant performance  appraisal  systems 
by  making  them  the  basis  for  train- 
ing, rewarding,  reassigning,  promot- 
ing, reducing  in  grade,  retaining,  and 
removing  employees.  This  can  yield 
rich  rewards,  because  a good  ap- 
praisal system  can  be  an  invaluable 
educational,  motivational,  and  man- 
agerial device. 

Note,  however,  that  the  act  does 
not  create  appraisal  systems,  but  a 
structure  in  which  line  managers  and 
personnel  directors  can  and  must 
work  together  to  design  appropriate 
guidelines.  Operations  managers 
and  personnel  directors  have  not  al- 


ways worked  hand  in  hand  in  the 
past.  In  devising  and  disseminating  a 
fair  and  flexible  performance  eval- 
uation system  based  on  objective, 
job-related  criteria,  they  now  have  a 
real  reason  and  opportunity  to  do  so. 
In  this  new  environment,  line  man- 
agers will  need  to  learn  from  person- 
nel experts  in  order  to  select  and 
tailor  appraisal  methods  and  ap- 
proaches to  the  agency,  position,  and 
person  involved.  Personnel  experts 
will  need  to  pay  careful  attention  to 
the  substance  of  the  jobs  and  values 
essential  to  the  managers  involved. 

If  this  opens  up  a world  of  oppor- 
tunity, it  also  involves  a world  of  re- 
sponsibility for  management.  If  this 
appraisal  system  is  to  succeed,  gov- 
ernment managers  must  be  able  to 
establish  criteria  for  employee  per- 
formance, to  convey  those  factors  to 
the  employee,  and  to  judge  the  em- 
ployee's performance  against  them. 

Merit  Pay 

Second,  the  Reform  Act  links  merit 
pay  to  performance  appraisal.  Presi- 
dent Carter  stated  in  his  August 
roundtable  discussion  on  civil  service 
reform  that  he  envisions  the  merit 
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pay  provisions  of  this  legislation  os 
only  o beginning.  He  hopes — and  I 
con  only  odd  my  voice  to  his — that 
the  merit  pay  system  for  GS  13-1 5s 
will  be  a prototype,  an  innovation 
whose  virtues  will  be  so  compellingly 
clear  that  the  system  will  expand. 

The  attraction  of  the  idea  lies,  of 
course,  in  its  incentive  effects.  If 
managers  are  rewarded  for  the  con- 


a misguided  sense  of  egalitarianism. 
All  workers  do  not  perform  with 
equal  skill  and  dedication.  It  is  not 
fair  to  the  most  productive  to  fail  to 
recognize  their  superior  service. 

Senior  Executive  Service 

The  Senior  Executive  Service  estab- 
lishes a third  area  of  challenge.  The 
act  provides  for  supergrade  person- 


the  rewards  are  potentially  so  great, 
you  must  make  the  most  careful  and 
creative  use  of  evaluation  and  re- 
ward techniques.  If  we  fail  to  es- 
tablish relevant  merit  criteria  and  act 
on  them,  the  SES  will  lose  its  vitality 
and  become  only  an  artificial  con- 
struct. 

If  we  do  act  wisely  and  well, 
the  superior  performance  of  the  SES 


^^For  all  of  us,  it  is  an  opportunity  to  participate 
in  one  of  those  rare  watershed  moments  of 
social  innovation.  I should  like  it  to  be  said  that 
we  did  our  part  and  did  it  well — that  the  govern- 
ment both  functioned  better  and  became  a more 
professionally  rewarding  place  to  work  through 
our  efforts.* 


tributions  that  they  and  their  sub- 
ordinates make  in  productivity,  quali- 
ty of  work  or  service,  cost  efficiency, 
and  timeliness  of  performance,  gov- 
ernment will  work  better  and  be  a 
better  place  to  work.  Again,  how- 
ever, the  act  merely  creates  oppor- 
tunities. As  in  the  across-the-board 
performance  appraisals,  perfor- 
mance standards  for  GS  13- 15s  must 
be  generated  by  cooperation  among 
senior  managers,  personnel  direc- 
tors, and  middle  managers  them- 
selves. This  cooperation  must  be 
spiced  by  imagination  and  fortified 
by  commitment. 

The  performance  of  middle  man- 
agers in  some  cases  may  be  difficult 
to  assess;  the  will  to  translate  evalua- 
tions into  dollar  terms  may  be  hard 
for  some  to  muster.  When  we  require 
inventiveness  to  build  a worthwhile 
system,  we  must  recognize  the  risk 
that  we  may  undermine  the  system 
by  passivity,  partiality,  skepticism,  or 


nel  management  by  the  agencies 
themselves;  it  gives  agency  execu- 
tives authority  to  reassign  career  em- 
ployees without  the  long  approval 
process  that  now  characterizes  the 
system. 

Those  who  volunteer  for  the  SES 
will  be  able  to  expand  their  man- 
agerial opportunities  by  moving 
wherever  their  skills  are  needed.  This 
should  help  both  the  individuals  in- 
volved and  the  agencies  that  benefit 
from  their  talents.  To  gain  the  re- 
ward, though,  the  persons  involved 
must  take  risks.  Lateral  reassignment 
by  design  offers  both  risk  and  oppor- 
tunity. 

In  some  respects  the  challenges 
here  are  like  those  in  the  other  por- 
tions of  the  bill.  SES  merit-pay  provi- 
sions rest  on  performance  appraisal. 
Goals  that  recognize  responsibilities 
for  making  policy  and  establishing 
procedures  must  be  set  for  and  with 
the  men  and  women  in  the  SES.  Since 


volunteer  will  be  recognized  by  sal- 
ary increases  that  open  up  substan- 
tial compensation  possibilities. 
Base  salary  and  bonuses  are  bounded 
only  by  the  current  $66,000  level  of 
Cabinet  positions.  When  combined 
with  the  impact  such  earnings  have 
on  retirement  and  similar  benefits, 
the  potential  dollar  value  of  federal 
executive  service  is  significantly 
enhanced. 

Grievance  Procedures 

When  a group  confronts  the  task 
of  converting  ideas  into  concrete 
procedures,  risks  and  rewards 
abound  in  often  unpredictable  com- 
binations. Can  performance  ap- 
praisals, especially  of  supervisors 
and  managers,  be  made  fairly  and 
impartially?  What  is  the  risk  of  a 
reward  system  based  on  merit  be- 
coming exploited  for  political  ends? 
Will  a system  that  delegates  so 
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much  authority  to  managers  be- 
come a vehicle  for  favoritism?  How 
much  will  employee  desires  be 
recognized?  There  are  no  certain 
answers  to  these  questions  at  this 
point.  Nor  can  there  be. 

However,  a fourth  area  of  in- 
novation minimizes  some  of  the 
risks.  The  act  provides  that 
employee-advocacy  and  adjudica- 
tive powers,  both  now  vested  in  the 
Civil  Service  Commission,  be 
separated  into  two  independent 
agencies,  the  Office  of  Personnel 
Management  and  the  Merit  System 
Protection  Board.  The  0PM  is 
designed  to  promote  efficient  per- 
sonnel management  through  ex- 
amination, training,  and  ad- 
ministration of  pay  and  benefits. 
The  MSPB  and  its  Special  Counsel 
will  investigate  and  prosecute 
abuses. 

One  important  feature  of  the  ad- 
judicative legislation  streamlines 
the  appeals  process.  Nothing 
should  be  more  desired  by  man- 
agers and  employees  alike.  The 
legislation  stipulates  time  limits  for 
filing  and  settling  grievances,  and  it 


An  additional  function  of  the 
MSPB  is  to  protect  the  employee 
who  in  good  faith  "blows  the 
whistle"  on  what  he  sees  as  agency 
mismanagement,  waste  of  funds, 
abuse  of  authority,  danger  to  public 
health  or  safety,  and  violations  of 
laws,  rules,  or  regulations.  With 
such  protection,  employees  can 
identify  areas  in  which  reform  is 
needed. 

With  respect  to  labor-manage- 
ment relations,  employee  unions, 
and  collective  bargaining,  the  pres- 
ent act  provides  a Federal  program 
grounded  in  law  instead  of  ex- 
ecutive order.  The  new  law  con- 
tinues to  protect  the  basic  agency 
management  rights  established 
under  the  executive  order.  But  the 
reform  act  expands  employee  and 
union  rights  by  increasing  rights  to 
grievance  and  arbitration  systems 
through  collective  bargaining.  This 
expansion  enhances  the  need  for 
trained  and  talented  management 
negotiators,  a professional  support 
staff,  and  an  effective  intraman- 
agement communication  system. 

Efficient  conduct  of  agency 


vides  a real  opportunity  to  create  a 
better  understanding  and  accept- 
ance of  agency  policies  and  pro- 
grams among  employees.  The 
labor-management  process  also  en- 
courages a joint  solution  of  prob- 
lems and  improvement  of  opera- 
tions. I think  that  a positive  ap- 
proach to  labor-management  rela- 
tions would  be  to  explore  ways  of 
working  with  employee  unions  to 
increase  productivity.  The  invest- 
ment of  intelligence,  skill,  and  pa- 
tience in  this  test  should  result  in 
major  benefits  for  our  agencies. 

What  I would  emphasize  to  you 
again  is  that  this  is  not  self- 
executing legislation.  Its  potential 
benefits  will  be  achieved  only  if  we 
are  all  committed  to  making  it 
work.  Setting  up  the  new  system 
will  involve  an  enormous  commit- 
ment of  time,  energy,  and  imagina- 
tion at  all  levels  of  management. 
The  major  effort  involved  in  this 
conference  is  just  the  very  be- 
ginning. 

It  is,  however,  an  exciting  begin- 
ning. For  all  of  us,  it  is  an  opportuni- 
ty to  participate  in  one  of  those  rare 


Operations  managers  and  personnel  directors 
have  not  always  worked  hand  in  hand  in  the 
past,  in  devising  and  disseminating  a fair  and 
flexible  performance  evaluation  system  based 
on  objective,  job*related  criteria,  they  now  have 
a real  reason  and  opportunity  to  do  so.'* 


protects  both  the  employee  and  the 
manager  by  requiring  documentary 
evidence  of  incompetence  as 
grounds  for  separation.  If  the 
system  works  well,  the  perfor- 
mance appraisal  process  will  itself 
contribute  to  the  resolution  of  such 
questions. 


operations  must  ultimately  be  the 
objective  of  sound  labor-manage- 
ment relationships.  If  we  allow  this 
to  be  eroded  in  the  bargaining  pro- 
cess, we  will  defeat  the  principal 
goal  of  civil  service  reform. 

However,  we  should  recognize 
that  the  bargaining  process  pro- 


watershed moments  of  social  in- 
novation. I should  like  it  to  be  said 
that  we  did  our  part  and  did  it 
well — that  the  government  both 
functioned  better  and  became  a 
more  professionally  rewarding 
place  to  work  through  our  efforts. 

Djvy 


Defense  Management  Journal 


n 


The  Role  of  Discounting 
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and 
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in  Problems  of  Choice 


Is  discounting  appropriate  where  managers,  operating  within  fiscal 
constraints,  are  tasked  with  maximizing  effectiveness?  This  article 
presents  yet  another  point  of  view  on  the  issue. 


An  article  which  recently  appeared 
in  the  DMJ'  posed  the  question, 
“Should  Defense  Managers  Discount 
Future  Costs?”  The  author  reached  two 
main  conclusions.  On  the  one  hand,  if 
managers  operate  in  a management 
environment  where  they  are  required  to 
provide  specific  levels  of  effectiveness 
and  are  not  fiscally  constrained,  then 
discounting  is  “proper.”  On  the  other 
hand,  if  managers  work  in  an  environ- 
ment of  fiscal  constraints  and  are  tasked 
with  maximizing  effectiveness,  “.  . . 
then  the  present  requirement  to  dis- 
count future  costs  is  inappropriate.”^ 
While  we  wholeheartedly  agree  with 
the  first  conclusion,  we  cannot  fully 
support  the  second.  In  our  estimation, 
to  conclude  that  the  question  of  dis- 
counting has  a clear-cut  answer,  de- 
pending on  the  management  environ- 
ment, can  be  very  misleading.  For 
managers  who  operate  under  conditions 
of  fiscal  constraints,  we  believe  the 
answer  to  the  question  of  discounting 
should  be  at  least  “perhaps”  rather 
than  an  unqualified  “no.” 

The  Role  of  Discounting  in 
Analysis 

The  primary  role  of  discounting  in 
analysis  is  that  of  providing  informa- 
tion to  aid  the  decision  maker  in  the 
difficult  problems  of  choice.  Dis- 


'RoI/H. Clark,  '' Should  Defense  Managers 
Discount  Future  Costs?”  Defense  Manage- 
ment Journal,  March  1978,  pp.  12-17. 
^Ibid.,  p.  13. 


counting  does  not  provide  the  solution 
to  choice  problems.  Rather,  discounting 
is  one  of  many  management  tools  that 
can  be  used  in  conjunction  with  the 
manager’s  judgment,  experience,  and 
projections  of  economic  and  political 
climates  in  making  the  final  choice 
among  alternatives.  In  this  light,  it  is 
unfortunate  that  many  managers  think 
of  discounting  as  a requirement  rather 
than  as  an  aid  in  decision  making. 

Discounting  does  not  decide  questions 
of  feasibility;  instead,  it  provides  in- 
formation on  preferability.  As  an  illus- 


tration of  this  point,  imagine  a manager 
in  the  Department  of  Defense  faced  with 
a rigid  budget  constraint  next  year  of 
$100.  Next  year’s  costs  are  expected  to 
be  $101.  Discounting  the  $101  will 
diminish  its  present  cost,  but  that  will 
not  keep  the  expected  future  costs  with- 
in the  $100  budget.  We  know  of  no 
tool,  even  in  the  academic  world,  that 
will  allow  you  to  spend  $100  next  year 
for  something  that  costs  $101 . It  makes 
no  difference  whether  you  discount 
both  the  budget  and  costs,  or  look  at 
them  in  next  year’s  dollars.  Irrespective 
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of  the  technique  employed,  the  $101 
option  is  infeasible  for  the  manager 
under  such  an  unalterable  budget  con- 
straint. Discounting  is  not  intended  to 
decide  questions  of  feasibility,  but 
rather  ones  of  preferability  once  the 
feasible  alternatives  are  known. 

The  Role  of  Discounting 
in  a World  of  Fixed  Budgets 

In  examining  the  role  of  discounting 
for  managers  working  under  fiscal 
constraints,  one  can  conclude  that  there 
are  indeed  certain  conditions  under 
which  discounting  is  not  useful  and 
some  conditions  under  which  the  tool 
can  yield  valuable  information  on  ques- 
tions of  preferability.  Consider  again 
our  hypothetical  manager  faced  with  a 
budget  constraint.  If  his  feasible  set  of 
alternatives  consists  of  only  one  sys- 
tem, the  discounting  issue  is  irrelevant. 
Discounting  is  also  irrelevant  if  our 
manager  has  to  make  a choice  between 
a number  of  equally  effective  systems 
whose  cost  streams  are  only  for  one 


year.  For  example,  if  the  budget  for 
next  year  is  $100  (or  any  amount  equal 
to  or  greater  than  $95)  and  there  are 
three  equally  effective  alternatives.  A, 
B,  and  C,  costing  $90,  $95,  and  $95, 
respectively,  alternative  A is  always 
preferred  on  economic  grounds. 

However,  if  we  modify  the  above 
example  somewhat,  discounting  can 
provide  some  useful  information.  Imag- 
ine the  conditions  presented  in  Figure 
1 (see  page  13),  where  we  assume  that 
the  effectiveness  of  each  alternative  is 
equal  and  sufficient  both  in  terms  of 
magnitude  and  timing.  Alternative  A is 
infeasible  since  costs  (whether  dis- 
counted or  not)  exceed  the  budget 
(whether  discounted  or  not).  Alternatives 
B and  C both  are  feasible  from  a budget- 
constraint  viewpoint,  so  the  question 
now  becomes  one  of  preferability.  Dis- 
counting the  cost  streams  at  10  percent 
for  alternatives  B and  C shows  that  the 
present  values  are  $241  and  $237,  res- 
pectively, and  alternative  C would  be  the 
preferred  choice.  Yet,  the  value  of  dis- 
counting to  the  manager  is  even  more  ap- 


parent if,  for  example,  the  first  year’s 
costs  for  alternative  C were  increased  by 
$2  to  $77.  The  total  undiscounted  costs 
for  B and  C are  now  $275  and  $277, 
the  discounted  total  costs  $241  and 
$239.  Alternative  C would  still  be 
preferable. 

Let  us  pose  a more  realistic  example. 
Consider  three  alternative  radar  sys- 
tems, each  having  different  cost  streams 
over  time  and  each  becoming  operational 
in  the  fifth  year,  but  with  different 
levels  of  effectiveness.  (The  latter  might 
be  distinguished  by  the  varying  prob- 
abilities of  detection  and  tracking  for 
some  specified  duration.)  The  costs  and 
benefits  of  the  three  systems  appear  in 
Figure  2.  As  before,  alternative  A is 
ostensibly  infeasible  due  to  the  budget 
constraint,  despite  the  system  yielding 
the  highest  level  of  effectiveness.  The 
other  feasible  alternatives,  B and  C, 
have  different  cost  streams  and  dif- 
ferent levels  of  effectiveness.  Using 
the  sole  criterion  of  greatest  effective- 
ness to  determine  preferability,  system 
B is  chosen  since  it  has  a .96  probability 
of  detection  and  tracking  versus  .94 
probability  for  system  C.  In  this  case, 
discounting  is  irrelevant.  Once  the 
manager  has  identified  feasible  sys- 
tems within  the  budget,  costs  can  be 
ignored  if  and  only  if  the  choice  is 
aimed  at  maximizing  effectiveness. 
Costs  and  the  timing  of  costs  are  ir- 
relevant only  when  the  decision  rule  is 
to  maximize  effectiveness  within  the 
feasible  budget. 

As  indicated  by  the  above  examples, 
the  answer  to  the  question  of  discounting 
future  costs  is  “perhaps.”  The  use- 
fulness of  discounting  depends  on 
program  cost  constraints,  the  number 
of  alternatives,  effectiveness  levels, 
and  the  investment-time  horizon  faced 
by  the  manager.  Each  factor  may  serve 
to  constrain  the  choice  problem  to  such 
a degree  that  the  discounting  issue  may 
become  irrelevant.  But  what  about  the 
role  of  discounting  in  a less  constrained 
environment? 

An  Expanded  View 

Effective  resource  allocation  calls 
for  decision  makers  to  examine  both 
benefits  and  costs  among  competing 
alternatives.  While  fiscal  guidance  may 
constrain  the  decision  problem,  it  should 
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not  limit  the  thinking  process  about 
problems  of  choice.  In  reality,  future 
budgets  or  program  costs  are  guides  orl 
targets;  they  are  institutionally  subject 
to  manipulation,  reallocation,  and  re-t 
programming.  These  very  characteris- 
tics require  decision  makers  ultimately 
to  make  value  judgments  on  costs  and 
benefits  among  competing  alternatives. 

For  example,  return  to  our  choice 
problem  given  in  Figure  2.  Simple  cal- 
culations show  that  the  discounted  cost 
difference  between  alternatives  B and 
C is  $37  ($356  - $319).  For  this  addi- 
tional cost,  the  additional  effectiveness 
is  2 percent.  Similar  calculations  can  be 
performed  between  alternatives  B and 
A,  the  heretofore  infeasible  alternative, 
where  the  added  cost  is  $51  and  the 
added  benefit  is  2 percent.  These  results 
appear  in  Figure  3. 

In  a decision-making  context,  three 
general  types  of  value  comparison 
questions  can  be  asked.  Collectively 
they  represent  the  essence  of  resource 
allocation. 

First  are  the  questions  involving  the 
value  comparisons  among  systems.  In 
our  example  presented  in  Figure  3,  are 
the  added  benefits  of  a 2-percent  in- 
crease in  effectiveness  worth  the  addi- 
tional discounted  cost  of  $37  between 
alternatives  C and  B?  Are  the  added 
benefits  of  a 2-percent  increase  in  ef- 
fectiveness worth  the  additional  dis- 
counted cost  of  $51  between  B and  A? 

Second  are  the  questions  involving 
value  comparisons  within  a given  sys- 
tem. For  system  C in  our  example,  what 
would  the  marginal  cost  be  to  increase 
its  effectiveness  from  .94  to  .96  or  .98? 
Would  these  expenditures  be  worth- 
while? The  same  type  of  questions  could 
be  asked  relative  to  systems  B and  A. 

Third  are  the  questions  involving 
value  comparisons  among  alternative 
programs.  Should  any  funds  be  allocated 
to  one  of  our  candidate  radar  systems, 
or  would  the  total  defense  capability 
be  relatively  enhanced  by  allocating 
these  funds  to  some  other  competing 
defense  program? 

In  reality,  it  may  be  naive  to  view 
fiscal  constraints  as  rigidly  as  we  did 
in  our  examples.  Even  current  operating 
budgets  provide  opportunities  for  re- 
programming funds.  Clearly,  such  fiscal 
rigidity  does  not  exist  in  the  planning. 


programming,  and  budgeting  process  in 
DoD.  The  services  and  the  Joint  Chiefs 
of  Staff  not  only  have  an  opportunity 
to  review  and  comment  on  the  aggre- 
gated and  minimally  “fenced”  fiscal 
constraints  expressed  in  the  consolidated 
guidance  early  in  the  planning,  pro- 
gramming, and  budgeting  cycle,  but 
they  also  prepare  the  Program  Objec- 
tives Memoranda  and  participate  in  the 
issue-paper  process  leading  to  the  Pro- 
gram Decision  Memoranda  of  the  Sec- 
retary of  Defense.  Finally,  the  services 
and  the  ICS  participate  in  the  Program 
Budget  Decisions  leading  to  the  devel- 
opment of  the  defense  portion  of  the 
President’s  budget.  Even  after  comple- 
tion of  annual  planning,  programming 
and  budgeting,  the  JCS  and  the  ser- 
vices continue  to  have  opportunities  to 
testify  in  the  Congressional  delibera- 
tion process  on  the  Defense  budget. 
The  authorization  and  appropriations 
acts  treat  aggregated  areas  so  that  op- 
portunities for  trade-offs  within  these 
categories  continue  to  exist  in  the 
budget-execution  phase. 


Each  of  these  points  of  participation 
in  the  budget  formulation  and  execu- 
tion process  requires  that  value-laden 
trade-offs  be  made.  These  judgments, 
in  turn,  hinge  critically  on  the  relative 
comparison  of  costs  and  benefits  over 
time  among  the  many  alternatives.  Dis- 
counting allows  us  to  deal  systematically 
and  objectively  with  the  crucial  time 
dimension  of  these  resource  allocation 
questions.  Djvy 
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A model  program  in  the  Aeronautical  Systems  Division  at  Wright- 
Patterson  Air  Force  Base,  Ohio,  may  point  the  way  for  future 
public-sector  applications . 


At  first  glance,  the  concept  of  matrix  management  is 
curious  at  best.  After  all,  working  for  one  boss  is 
trying  enough,  but  the  thought  of  working  for  two  bosses — 
one  for  the  special  program  office  you’re  assigned  to, 
and  one  for  the  functional  area  you’re  in — can  be  a bit 
disconcerting.  Additionally,  such  a philosophy  is  con- 
trary to  the  traditional  military  concept  of  the  chain  of 
command,  whereby  orders  are  taken  only  from  one’s  im- 
mediate superior. 

But  don’t  hasten  to  discard  the  concept.  Matrix  man- 
agement, pioneered  in  the  early  1960s  by  several  major 
aerospace  firms  and  Dow  Corning  Company,  offers  op- 
erational flexibility  and  seems  particularly  well  suited  to 
acquisition  activities.  Government  organizations  and  ac- 
tivities involved  in  acquisition  are  showing  renewed  in- 
terest in  the  matrix  management  concept.  The  Air  Force, 
for  example,  has  found  the  approach  especially  useful  in 
program  offices. 

Traditional  Organizations 

The  most  familiar  organizational  structuring  is  done 
along  functional  lines.  Organizing  by  function  means 
that  all  work  is  grouped  into  major  functional  or  special- 
ized departments,  each  headed  by  one  manager.  Func- 
tional departmentalization  is  logical,  takes  advantage  of 
occupational  specialization,  and  promotes  coordination 
among  members  of  a functional  area. 

However,  as  the  organization  grows  and  diversifies  its 
activities,  these  advantages  can  quickly  turn  to  disad- 
vantages. Frequently,  functional  organizations  become 
too  centralized,  mired  in  layers  of  management,  difficult 
to  control,  and  devoid  of  good  internal  communications. 
Such  a structure  is  not  a good  training  ground  for  bal- 
anced, well-rounded  managers,  because  it  leads  to  a high 
degree  of  functional  specialization  which  often  inhibits 
career  growth  by  fostering  overspecialization  and  pa- 
rochial decision  making.' 

It  is  logical  to  have  functional  structuring  in  new,  small 
organizations,  but  when  they  grow  and  diversify,  other 
designs,  such  as  project  organization,  become  appropri- 


'T.  Haimann,  Professional  Management,  Theory  and  Practice 
(Homewood,  Illinois:  Irwin,  Inc.,  1973). 


ate.  As  an  organization  develops,  management  may  adopt 
this  type  of  structure  in  order  to  place  all  the  necessary 
functional  specialists  for  a program  under  one  manager. 
Authority  is  vested  in  the  project  or  program  manager, 
and  the  functional  specialists  support  him.  Many  aero- 
space companies,  government  agencies,  and  military  sys- 
tems-acquisition  activities  have  adopted  this  form  of  or- 
ganization. Project  organization  has  two  distinct  advan- 
tages over  functional  organization:  it  is  more  responsive 
to  schedule  and  budget  demands,  and  it  can  react  to  unex- 
pected demands  without  adversely  affecting  other  parts 
of  the  organization. 

Project  organization,  however,  is  not  without  its  draw- 
backs, one  being  that  there  is  usually  inadequate  empha- 
sis within  the  project  office  on  the  career  development  of 
the  functional  specialists  who  support  it.^ 

The  Matrix:  A Hybrid 

If  complex  organizations  rely  completely  on  function- 
al structure,  the  work  may  fall  behind  because  it  is  diffi- 
cult to  discriminate  between  the  relative  priority  of  vari- 
ous projects.  On  the  other  hand,  technological  progress 
may  suffer  if  they  rely  exclusively  on  project  organiza- 
tion when  their  functional  disciplines  are  so  widely  sepa- 
rated that  it  hampers  the  interchange  of  information.^ 
These  problems  are  considerably  reduced  under  matrix 
management.  It  seems  particularly  applicable  to  or- 
ganizations requiring  specialized  resources  in  an  envi- 
ronment that  demands  a close  integration  of  projects  or 
programs. 

Matrix  management  is  a hybrid  of  project  and  func- 
tional structuring.  Functional  managers  report  to  a partic- 
ular central  authority  for  such  technical  disciplines  as 
engineering,  procurement,  and  finance,  while  project 
managers  also  report  to  an  overseeing  common  official 
but  have  functional  or  technical  specialists  assigned  di- 
rectly to  them  for  day-to-day  tasking.  Thus,  in  matrix 

^Lt.  Col.  Francis  L.  Siau,  USAF,  “Organizational  Structures: 
Matrix  Management  Applications,”  Air  War  College  Report 
No.  6061 , Maxwell  AFB,  Alabama,  April  1976. 

^Ibid. 

‘^Jay  R.  Galbraith,  Designing  Complex  Organizations  (Read- 
ing, Massachusetts:  Addison-Wesley  Publishing  Co.,  1973). 
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organizations  there  are  two  lines  of  authority:  horizontal 
through  the  program  managers  and  vertical  through  the 
functional  managers.  Project  managers  are  still  responsi- 
ble for  their  projects,  but  they  must  now  depend  on  co- 
equal functional-staff  managers  to  provide  them  with 
specialists  (Figure  1 shows  the  interrelationships  in  a 
matrix  oganization). 

Among  the  benefits  of  matrix  management  are  in- 
creased organizational  responsiveness,  fast  but  sound 
decision  making,  increased  potential  for  comprehensive 
and  integrated  planning,  more  equitable  allocation  of 
personnel,  and  uniform  training  opportunities.  Functional 
specialists  assigned  to  program  offices  may  also  experi- 
ence a new  sense  of  independence  and  professionalism 
by  being  somewhat  removed  from  the  direct  supervision 
of  a program  manager. 

One  important  advantage  of  a matrix-structured  or- 
ganization is  its  ability  to  respond  to  change.  The  struc- 
ture of  old  organizations  can  be  readily  modified,  and 
personnel  can  be  moved  about  rapidly  as  workloads  and 
priorities  change.  This  is  often  necessary  when  new  pro- 
grams are  born  and  old  ones  mature  and  wither. 

Matrix  management  is  not  without  its  problems,  how- 
ever. For  example,  working  for  two  bosses  is  an  oddity 
for  most  people  and  requires  an  atmosphere  of  genuine 
trust  and  confidence.  In  addition,  functional  and  project 
managers  must  communicate  with  each  other  and  have  a 
proper  measure  of  authority,  responsibility,  and  ac- 
countability. Working  for  two  bosses  may  tend  to  gen- 
erate conflict  and  confusion  over  who  does  what  for 
whom. 

Matrix  Management  in  Air  Force 

Despite  these  drawbacks,  matrix  management  has 
been  implemented  in  many  program  and  project  offices 
of  the  Air  Force  Systems  Command.  These  offices  rely 
principally  on  project  management;  however,  rapidly 
changing  workloads  and  the  necessity  for  capable,  highly 
trained,  functional  specialists  have  dictated  the  need  for 
an  alternate  form  of  organization.  Indeed,  there  are  defi- 


nite reasons  why  the  Air  Force  Systems  Command  has 
considered  the  matrix  concept. 

Traditional  forms  of  management  and  structuring  work 
well  for  most  organizations  with  clear,  well-defined  mis- 
sions. But  when  the  tasks  are  highly  complex  and  inter- 
related, pressures  arise  which  force  management  to  con- 
sider alternate  approaches  like  the  matrix.  When  tasking 
becomes  extremely  complex,  failure  to  adopt  a tailored 
organizational  structure  may  cause  operational  delays. 
This  is  particularly  true  where  there  is  a proliferation  of 
competing  projects.^ 

In  military  circles,  however,  there  has  been  a great 
deal  of  resistance  to  this  type  of  organization.  Project 
and  program  managers  often  complain  that  they  are  still 
responsible  for  overall  mission  accomplishment,  despite 
having  been  stripped  of  all  authority  over  the  functional 
personnel  who  once  supported  them.  In  addition,  matrix 
management  is  a far  cry  from  the  conventional  military 
chain-of-command  concept.  Overcoming  this  resistance 
is  essential. 

Can  matrix  management  really  work  in  military  or- 
ganizations? An  Air  Force  experiment  conducted  by  the 
Aeronautical  Systems  Division  at  Wright-Patterson  Air 
Force  Base,  Ohio,  may  provide  the  answer. 

Following  a classic  model  of  program  management, 
the  Aeronautical  Systems  Division,  which  manages  the 
acquisition  of  most  aircraft  and  related  support  systems 
for  the  Air  Force,  had  all  of  its  functional  specialists, 
except  engineers,  assigned  to  support  specific  program 
offices.  Despite  being  responsible  for  specific  functional 
areas  under  the  ASD  commander,  staff  agencies  mainly 
performed  technical  and  coordinating  tasks.  These 
agencies  neither  managed  the  functional  support  per- 
sonnel directly  assigned  to  the  program  offices  nor  chal- 
lenged the  business-management  acumen  of  the  program 
directors. 

By  1975,  the  emphasis  on  the  self-contained  program 
offices  and  the  rapid  expansion  of  new  ASD  programs 
had  led  to  a large  number  of  autonomous  special  program 
offices,  each  with  its  own  cadre  of  functional  specialists. 
As  new  aircraft  went  into  production,  the  workload  in- 
creased dramatically;  however,  there  were  constraints  on 
the  number  of  personnel  to  be  assigned.  The  Air  Force 
was  concerned  about  personnel-overhead  costs  of  the  self- 
contained  program  offices,  the  insularity  of  many  of  the 
programs,  sluggish  organizational  responsiveness  to 
workload  shifts,  and  inadequate  professional  develop- 
ment in  the  functional  skill  specialties.  Of  special  con- 
cern was  whether  the  fragmented,  business-related  func- 
tions such  as  procurement  and  financial  management 
were  truly  effective. 

ASD  **Goes  Matrix*^ 

To  address  these  concerns,  the  product  divisions  of  the 
Air  Force  Systems  Command,  which  included  the  Aero- 

^Jay  R.  Galbraith,  '‘Matrix  Organization  Designs,”  Business 
Horizons,  February  1971 , pp.  29-40. 
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Figure  1.  The  Vertical  and  Horizontal  Flows  of  Functional  Authority 
in  a Matrix  Organization 
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nautical  Systems  Division,  began  to  reorganize  in  early 
1976.  Emphasis  was  placed  on  strengthening  and  en- 
hancing the  business  functions  in  the  acquisition  pro- 
cess. The  reorganization  was  intended  to  create  a forum 
for  the  cross-feeding  of  innovative  and  sound  business- 
management  techniques  among  the  program  offices,  and 
to  strengthen  the  coordination  and  integration  of  career- 
development  programs  for  military  and  civilian  func- 
tional-support personnel. 

To  achieve  these  objectives,  the  functional  staff  of- 
fices were  given  line  authority  over  the  support  special- 
ists (see  Figure  2 on  page  21).  The  special  program  offices 
no  longer  had  any  personnel  authorizations  for  the  sup- 
port specialists  who  worked  for  them  and  instead  relied 
on  the  functional  staff  offices  for  personnel  allocations 
to  meet  their  needs.  Thus  the  functional  organizations  had 
to  balance  the  frequently  conflicting  workload  require- 
ments and  personnel  demands  of  the  program  offices,  and 
at  the  same  time  ensure  availability  of  the  functional  spe- 
cialists needed  by  the  functional-area  directors. 

For  administrative  purposes,  the  functional  staff  spe- 
cialists are  formally  assigned  to  home  offices  within 
each  functional-staff  organization.  The  special  program 
offices  must  negotiate  with  the  home  offices  for  support 
personnel.  When  support  personnel  are  assigned  to  spe- 
cial program  offices,  they  are  called  collocates,  indi- 
cating that  they  report  to  their  respective  special  program 
office  for  operational  matters  and  to  their  respective 
home  office  for  administrative  and  career-development 
matters.  Each  special  program  office  has  a key  senior 
collocate  who  is  the  chief  representative  of  his  home  or- 
ganization. He  is  a two-boss  manager,  reporting  to  both 
his  special  program  office  and  to  his  parent  home  or- 
ganization. 


To  sort  out  the  myriad  responsibilities  of  all  the  play- 
ers in  such  a complex  organizational  scheme,  the  Aero- 
nautical Systems  Division  issued  a comprehensive  reg- 
ulation,^ detailing  the  roles,  responsibilities,  and  opera- 
tional rules  followed  under  matrix  management.  Under- 
standably, the  dual-reporting  structure  added  a new 
degree  of  complexity  to  the  conduct  of  business.  Under 
the  previous  structure,  program  offices  had  primary  re- 
sponsibility for  all  their  personnel.  Now,  many  responsi- 
bilities were  transferred  to  the  home  organizations  or 
were  shared.  Some  of  the  areas  of  responsibility  which 
had  to  be  redefined  were  personnel,  recruitment,  award 
programs,  and  career  development.  In  each  case,  it  had 
to  be  determined  whether  the  special  program  office  or 
the  home  organization  would  be  the  higher  authority  for 
the  matrixed  personnel. 

Perhaps  matrix  management’s  most  sensitive  feature  is 
the  handling  of  efficiency  reports  and  performance  ap- 
praisals. The  two-boss  situation  belies  the  conventional 
logic  that  an  individual  should  work  for  and  be  evaluated 
by  one  boss.  This  is  a sensitive  area  for  military  person- 
nel, for  whom  the  basic  concern  is  who  will  rate  matrixed 
officers  and  airmen.  Because  these  evaluation  systems 
do  not  provide  for  such  complex  reporting  arrangements, 
a decision  must  be  made  to  route  the  reports  through 
either  the  special  program  offices  or  the  home  functional 
offices.  At  the  Aeronautical  Systems  Division,  military 
reports  were  routed  through  the  special  program  offices, 
and  civilian  performance  appraisals  are  reviewed  by  the 


*Air  Force  Systems  Command,  Aeronautical  Systems  Division 
Regulation  30-2,  “Management  of  CollocatedI Dedicated  Per- 
sonnel,’’ June  1977. 
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home  functional  organization.  Thus,  while  military  eval- 
uations were  effectively  controlled  by  users,  civilian 
appraisals  are  controlled  by  home  organizations.  Ob- 
viously, the  determination  of  such  routings  is  critical 
and,  if  perceived  as  unfair,  may  cause  considerable  em- 
ployee dissatisfaction. 

In  the  Aeronautical  Systems  Division,  routing  chan- 
nels for  personnel  evaluations  were  determined  by  nego- 
tiations between  the  major  special  program  offices  and 
the  functional  organizations.  This  resulted  in  a local  reg- 
ulation being  published  prior  to  matrix  implementation. 
Drafting  this  regulation  was  greatly  facilitated  by  the  ex- 
perience of  the  Office  of  the  Deputy  for  Engineering, 
which  had  operated  on  a limited  matrix  basis  within  the 
Aeronautical  Systems  Division  since  1964. 

Pros  and  Cons 

The  question  remains:  Is  this  approach  living  up  to 
expectations?  In  general,  it  is,  although  it  neither  re- 
sulted in  immediate  manpower  savings,  nor  instantly 
solved  the  many  problems  associated  with  integrating  and 
professionalizing  the  various  functional  disciplines 
within  program  offices.  However,  the  switch  to  a matrix 
management  structure  did  help  the  Aeronautical  Systems 
Division  to  better  utilize  its  resources.  Among  the  main 
benefits  were:’ 

• Rapid  reallocation  of  personnel  to  meet  program 
demands. 

• Enhancement  of  professional  communication  among 
the  special  program  offices. 

• Cross-feeding  of  innovative  management  tech- 
niques. 

• Exchange  of  lessons  learned. 

Most  important,  each  of  the  functional  deputies  was 
now  in  a better  position  to  assert  a cohesive,  division- 
wide stewardship  of  his  discipline  and  to  raise  a much 


^Col.  Robert  L.  Zambenini,  USAF,  “ASD  Implements  Matrix 
Concept,”  The  Air  Force  Comptroller,  July  1977,  pp.  40-41 . 


Stronger  voice  in  the  business-management  decisions  of 
the  program  offices. 

Although  matrix  management  helped  the  Aeronautical 
Systems  Division  cope  with  the  increasing  complexity  of 
its  systems-acquisition  process,  there  were  some  dis- 
advantages that  suggest  the  need  for  caution  in  its  appli- 
cation to  other  organizations.  Indeed,  the  price  paid  for 
increased  organizational  flexibility  is  increased  organi- 
zational uncertainty.  For  example,  when  people  work  for 
two  bosses  or  support  two  organizations,  some  experi- 
ence a continuing  identity  crisis  over  what  organization 
they  really  work  for.  Also,  many  program  directors  tended 
to  resent  the  matrix,  because  they  perceived  their  power 
as  diminished  and  disliked  negotiating  with  the  func- 
tional home  organizations  and  competing  with  other  pro- 
gram directors  for  personnel  allocations.  As  a result, 
particularly  on  key  personnel  issues,  there  was  a ten- 
dency for  polarization  of  viewpoints  as  some  senior  man- 
agers simply  considered  the  matrix  concept  unworkable. 

To  alleviate  such  problems,  the  Aeronautical  Systems 
Division  allowed  program  directors  to  retain  their  author- 
ity in  making  important  program-management  deci- 
sions. However,  program  offices  often  worked  together 
with  the  functional-support  offices  to  make  joint  deci- 
sions in  functional-specialty  matters,  particularly  those 
involving  personnel.  In  a few  instances,  problems  were 
passed  on  to  the  commander  of  the  Aeronautical  Systems 
Division  for  resolution.  Despite  their  initial  distrust  of 
the  matrix  structure,  managers  encountered  relatively 
few  problems  that  had  to  be  referred  to  the  commander 
for  resolution. 

Not  surprisingly,  the  routing  of  personnel  evaluations 
was  a major  concern  to  managers  and  workers  alike. 
Many  collocates  resented  the  tug-of-war  over  their  eval- 
uations and  sometimes  felt  that  the  system  worked  to 
their  disadvantage.  Some  collocates  even  considered 
themselves  the  second-class  citizens  of  their  special  pro- 
gram offices,  feeling  as  though  these  offices  no  longer 
had  any  real  responsibility  for  them  and  that  the  distant 
home  offices  to  which  they  were  now  directed  for  career 
management  and  professional  development  tended  to 
consider  them  as  mere  pawns  on  a chessboard. 

These  feelings  of  second-class  status  were  not  wide- 
spread, however,  and  most  collocates  eventually  saw  the 
potential  for  career  development  and  professional  en- 
hancement generated  by  the  new  structure.  Because  they 
were  more  accustomed  to  a stable  working  environment, 
civilian  workers  were  perhaps  more  averse  to  the  new 
structure  than  were  their  military  counterparts.  Military 
personnel  who  resented  the  matrix  structure  were  more 
concerned  about  the  increased  complexity  of  the  officer- 
evaluation  report  system. 

What  is  the  bottom  line  on  ASD’s  matrix  management 
experience?  Evaluations  by  the  Air  Force  Systems  Com- 
mand and  the  Aeronautical  Systems  Division  indicate 
that  matrix-management  objectives  are  being  met,  but 
that  fine  tuning  of  the  system  is  needed.  In  fact,  it  may 
take  three  years  to  develop  a highly  effective  matrix  or- 
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Figure  2.  Simplified  Post-matrix  Organization  in  the  Aeronautical  Systems  Division 


Note:  Only  the  matrix  relationship  of  the  Deputy  for  Procurement  and  Manufacturing  is  shown  here. 
Similar  relationships  exist  with  respect  to  Engineering  and  Comptroller. 


ganization.  Certainly,  the  full  impact  and  benefits  of 
matrix  management  have  not  yet  been  realized.  Clearly, 
any  organization  that  sets  up  such  a complex  structure 
will  find  that  operating  relationships  must  be  continually 
refined  and  its  viability  continually  promoted. 

Government  Future  for  Matrix? 

Although  matrix  management  conflicts  with  tradi- 
tional precepts  of  military  organizational  discipline,  it 
can  be  useful  when  applied  to  business-management  mis- 
sions or  to  an  activity  tasked  with  accomplishing  multi- 
ple, complex,  and  changing  projects. 

While  matrix  management  does  not  appear  to  represent 
the  wave  of  the  future  for  military  organizations,  it  will 
help  certain  kinds  of  organizations  to  become  more  flexi- 
ble and  to  develop  tailored  structures  to  meet  goals.  Air 
Force  organizations  have  to  respond  to  the  multiple  as- 
pects of  their  missions  and  make  do  with  fewer  resources, 
particularly  personnel. 

Outside  the  systems  acquisition  arena,  there  are  possi- 
bilities for  applying  matrix  management  to  the  base  and 
unit  level.  For  instance,  navigators  and  other  nonpilot 
aircrew  members  within  Air  Force  flying  organizations 
might  find  that  matrices  are  practical  alternatives  to  tradi- 
tional chain-of-command  structures.  This  may  encour- 
age professional  development  in  such  aircrew  specialties 
as  electronic  warfare,  weapons-system  operation,  and 
navigation.  Such  base-level  functions  as  supply,  trans- 
portation, life  support,  maintenance,  and  logistics  may 
also  be  suited  for  application  of  matrix  management.  By 
drawing  on  the  experience  gained  from  systems  acquisi- 


^Jay  R.  Galbraith.  ''Matrix  Organization  Designs,"  pp.  29-40. 


tion,  one  may  reasonably  expect  present  systems  of  ma- 
trixing  to  be  refined  and  improved. 

Matrix  management  can  be  applied  not  only  to  person- 
nel within  an  organization  but  also  to  those  of  different 
organizations.  For  example,  the  relationships  among  the 
Joint  Chiefs  of  Staff,  the  services,  and  the  Defense  agen- 
cies may  be  considered  matrices.  The  dealings  between 
functional  commands  based  in  the  continental  United 
States  and  overseas  gaining  or  using  commands,  ties  be- 
tween joint  and  multinational  commands  within  NATO, 
and  the  dealing  of  many  support  commands  and  agen- 
cies with  project  or  mission-oriented  user  organizations 
may  also  be  viewed  as  matrices. 

Although  matrix  management  is  not  a panacea,  it  does 
hold  promise  for  harassed  managers  in  organizations 
with  complex  and  changeable  tasks.  As  Jay  R.  Galbraith 
once  said,  “For  most  organizations,  the  matrix  design  is 
the  most  effective  alternative.  Managers  must  be  aware 
of  the  different  kinds  of  matrix  designs  and  develop 
some  basis  for  choosing  among  them.”*  Used  properly, 
the  matrix  structure  can  bridge  the  two  traditional  man- 
agement structures  and  help  organizations  meet  their  ob- 
jectives and  promote  the  professional  development  of 
their  work  force.  DMJ 
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Time  Out 
From  Tension 


By  Ruanne  K.  Peters 
and  Herbert  Benson 


There  is  new  evidence  that  learning  to  relax  can 
lower  blood  pressure  and  raise  one' s efficiency. 


Modem  society  has  undergone  rapid  technological 
progress,  and  the  business  community  has  played 
an  integral  part  in  this  change.  Like  the  rest  of  society, 
the  business  world  has  had  to  adjust  behaviorally  to  both 
the  beneficial  and  the  deleterious  effects  of  a fast  pace 
and  a pressured  life. 

These  behavioral  adjustments  are  emotionally  and 
physiologically  stressful,  and  they  lead  to  undesirable 
effects  on  health  and  well-being.  Elevated  blood  pres- 
sure resulting  from  stress  is  perhaps  the  major  predispos- 
ing factor  in  the  development  of  heart  attacks  and  strokes.' 
Excessive  mental  irritability  and  anxiety  are  still  other 
common  manifestations  of  stress. 

Although  awareness  of  these  physiologically  and  psy- 
chologically harmful  effects  of  stress  has  been  increas- 
ing, few  individuals  know  how  to  alleviate  them.  In  fact 
many  business  executives,  victimized  by  the  stressful 
world  they  have  helped  create,  have  come  to  accept  ex- 
cessive stress  as  a necessary  element  of  their  lives. 

There  is  a very  simple  way  for  many  individuals  to 
deal  with  stress  and  thus  to  prevent  it  or  at  least  control 

This  article  is  reprinted  with  permission 
from  the  Harvard  Business  Review,  Janu- 
ary -February  1978,  Copyright  c 1977  by 
the  President  and  Fellows  of  Harvard  Col- 
lege; all  rights  reserved. 


many  of  its  damaging  effects:  to  elicit  “the  relaxation 
response.”  This  is  an  innate  physiologic  reaction,  char- 
acterized by  decreases  in  metabolic  rate,  heartbeats,  and 
breathing  rate. 

A person  can  bring  forth  the  relaxation  response  by 
practicing  any  one  of  a number  of  simple  techniques. 
Many  of  these  have  existed  for  centuries,  mostly  in  the 
form  of  religious  meditation  and  prayer.  Recent  investi- 
gations have  demonstrated,  however,  that  the  relaxation 
response  may  be  elicited  by  various  secular  techniques  as 
well.  Four  elements  common  to  all  these  techniques  are  a 
relatively  quiet  environment,  a comfortable  position,  a 
repetitive  mental  stimulus,  and  a passive  attitude.^ 

For  a technique  we  have  found  practical,  see  the  box 
on  page  25. 

Learning  to  Relax 

Since  the  majority  of  the  adults  in  the  United  States 
spend  at  least  half  their  waking  hours  at  work,  the  work- 
ing environment  represents  a logical  place  to  schedule 
time  for  eliciting  the  relaxation  response.  Not  only 

' See  Mary  C.  Gutmann  and  Herbert  Benson,  "Interaction  of 
Environmental  Factors  and  Systemic  Arterial  Blood  Pressure: 
A Review,”  Medicine,  November  1971,  p.  543. 

^See  Herbert  Benson,  The  Relaxation  Response  (New  York: 
Morrow,  1975);  and  Herbert  Benson,  "Your  Innate  Asset  for 
Combating  Stress,”  Harvard  Business  Review,  July-August 
1974,  p.  49. 
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Figure  1.  Mean  Change  in  Blood  Pressure  (in  millimeters  of  mercury) 
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Note:  Standard  error  of  the  mean  is  a statistical  measure  of  range.  When  two  ranges  overlap,  as  the 
mean  changes  for  Group  B,  C,  and  D in  Exhibit  I do,  the  changes  are  not  statistically  significant. 
Since  the  range  for  Group  A does  not  overlap  with  these  other  groups,  this  change  is  statistically 
significant.  The  standard  error  of  the  mean  appears  on  the  rest  of  the  exhibits  in  this  article. 


would  an  individual  benefit  from  lessening  the  harmful 
effects  of  stress,  but  business  would  benefit  from  im- 
proving the  health  and  well-being  of  its  staff.  We  in- 
vestigated whether  relaxation  response  breaks,  taken 
within  the  occupational  setting,  can  alleviate  the  unde- 
sirable manifestations  of  stress. 

A recent  12-week  study  tested  the  feasibility  and  use- 
fulness of  voluntary  relaxation  response  breaks  in  such  a 
setting.  The  investigation  was  conducted  at  the  corporate 
offices  of  Converse,  a division  of  Eltra  Corporation, 
sponsored  by  the  Converse  Management  Association  and 
coordinated  by  Alan  Zimmerle,  supervisor  of  accounts 
payable.  Grants  from  the  U.S.  Public  Health  Service  and 
from  the  General  Service  Foundation  supported  the 
project.^ 

In  the  spring  of  1975,  brochures  describing  the  pro- 
posed investigation  were  distributed  to  the  428  corporate 
employees  working  at  the  corporate  offices  of  Converse 
in  Wilmington,  Massachusetts.  Of  the  employees,  140 
volunteered  to  participate  in  the  study. 

From  the  Converse  employees  who  did  not  volunteer, 
63  “nonvolunteers”  were  selected  randomly  and  asked 
to  help  evaluate  the  program.  Only  9 of  these  nonvolun- 
teers refused  to  cooperate.  The  volunteers  and  the  non- 
volunteers, 54  percent  of  whom  were  female  and  46  per- 
cent male,  had  about  the  same  demographic  and  personal 
characteristics.  Their  average  age  was  33.4  years,  23  per- 
cent of  them  held  managerial  or  supervisory  positions, 

^See  Ruanne  K.  Peters,  Herbert  Benson,  and  Douglas  Porter, 
“Daily  Relaxation  Response  Breaks  in  a Working  Population: 
/.  Effects  on  Self-Reported  Measures  of  Health,  Performance, 
and  Well-Being,’’  and  Ruanne  K.  Peters,  Herbert  Benson,  and 
John  M.  Peters,  ‘ ‘Daily  Relaxation  Response  Breaks' in  a Work- 
ing Population:  II.  Effects  on  Blood  Pressure,’’  American  Jour- 
nal of  Public  Health,  October  1977,  p.  946  and  p.  954. 


29  percent  were  technical  specialists,  and  63  percent 
were  married. 

The  volunteers  agreed  to  keep  daily  records  for  12 
weeks  and  to  attend  seven  biweekly  sessions,  during 
which  they  would  fill  out  questionnaires  and  have  their 
blood  pressures  measured.  The  nonvolunteers  agreed  to 
have  their  blood  pressures  measured  and  to  complete 
questionnaires  only  at  the  beginning  and  at  the  end  of  the 
study. 

Gathering  Data 

After  four  weeks  of  baseline  measurements  and  before 
any  relaxation  instruction,  the  volunteers  were  divided 
on  a random  basis  into  Groups  A,  B,  and  C.  The  non- 
volunteers were  kept  together  and  labeled  Group  D.  The 
randomization  procedure  for  the  first  three  groups  as- 
sured virtually  equivalent  groups  at  the  outset  and  elimi- 
nated major  biases  that  might  have  influenced  the  re- 
sults. Only  Group  A was  taught  the  technique  of  eliciting 
the  relaxation  response.  Group  B was  instructed  simply 
to  sit  quietly  and  relax.  Group  C received  no  instructions 
concerning  relaxation  and  was  told  to  follow  its  usual 
schedule.  Group  D,  the  nonvolunteers,  also  received  no 
instructions  and  was  asked  to  go  about  its  customary 
work,  but  unlike  the  other  three  groups,  it  attended  only 
two  measurement  sessions. 

In  the  subsequent  eight  weeks.  Groups  A and  B were 
asked  to  take  two  15-minute  relaxation  breaks  every  day: 
one  in  the  morning  and  one  in  the  afternoon  or  evening. 
During  these  breaks.  Group  A practiced  the  relaxation 
response  technique,  and  Group  B was  asked  to  relax 
without  the  use  of  any  particular  technique.  Groups  C 
and  D took  no  relaxation  breaks.  The  company  set  aside 
a quiet  room  with  comfortable  chairs  for  the  participants 
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Figure  2.  Mean  Change  in  Symptoms  Index 
(in  millimeters  of  mercury) 


Group  A Group  B Group  C Group  D 
Relaxation  Sit  Control  Non- 
response quietly  volunteers 


-15.0 


Note:  The  symptoms  index  was  derived  by  summing  the  fre- 
quency ratings  of  51  symptoms  on  a four-point  scale  going  from 
"no  occurrence  of  symptoms"  to  "occurrence  all  the  time." 


Figure  3.  Mean  Change  in  Performance  Index 


-0.5 

Note:  The  performance  index  was  derived  by  summing 
self-ratings  on  four  types  of  performance.  The  items  were 
rated  on  a six-point  scale  going  from  "poor"  to  "excellent." 


Figure  4.  Mean  Change  in  Sociability  - 
Satisfaction  Index 


Note:  The  sociability-satisfaction  index  was  derived  by 
summing  six  items  rated  on  a five-point  scale  going  from 
"poorly"  to  "better  than  ever." 


in  Groups  A and  B to  use  during  working  hours.  The  15- 
minute  relaxation  periods  could  be  taken  either  at  home 
or  at  work,  but  those  taken  in  the  work  setting  were  taken 
on  the  employees’  own  time,  such  as  during  coffee  breaks, 
lunchtime,  or  before  and  after  regular  working  hours. 

The  blood  pressure  measurements  were  obtained  dur- 
ing periods  of  the  day  when  the  subjects  were  not  taking 
the  relaxation  breaks.  The  questionnaires  filled  out  by  the 
volunteers  during  the  12-week  investigation  were  de- 
signed to  measure  the  employees’  own  perceptions  of 
their  general  health,  overall  performance,  and  sense  of 
well-being. 

General  health  was  measured  by  a symptoms  index.  It 
indicated  how  often  during  the  three-month  study  the 
participants  reported  experiencing  a wide  variety  of 
specific  symptoms  of  illness  or  anxiety.  Symptoms  in- 
cluded headache,  backache,  nausea,  diarrhea,  difficulty 
in  falling  asleep  and  nervous  habits. 

Performance  was  also  assessed,  yielding  a perform- 
ance index.  This  was  composed  of  the  volunteers’  daily 
rating  of  their  own  physical  energy,  their  strength  of 
concentration,  their  ability  to  handle  problems,  and  their 
overall  efficiency  according  to  four  six-point  scales. 

The  sense  of  well-being  was  evaluated  on  two  ques- 
tionnaires. A sociability-satisfaction  questionnaire  was 
administered  biweekly  and  consisted  of  the  following 
questions:  “During  the  past  two  weeks,  how  have  things 
been  going  for  you  (a)  at  home  or  with  roommates,  (b) 
with  close  friends,  (c)  with  people  at  work,  (d)  in  your 
satisfaction  with  your  work,  (e)  in  your  confidence  in 
yourself,  and  (f)  in  your  satisfaction  with  yourself?’’  A 
happiness-unhappiness  questionnaire  was  also  admin- 
istered biweekly  and  asked  how  often  each  of  nine  moods 
was  experienced.  These  moods,  which  encompassed 
both  “happy’’  and  “unhappy”  states,  were  rated  on  a 
four-point  frequency  scale. 

Significant  Results 

Overall,  the  four  groups’  cooperation  with  the  pro- 
gram was  excellent.  On  their  daily  records.  Group  A 
reported  eliciting  the  relaxation  response  an  average  of 
8.5  times  per  week  throughout  the  eight- week  experi- 
mental period.  Group  B reported  “simply  relaxing”  an 
average  of  8.8  times  per  week.  Only  30  percent  of  Group 
A and  19  percent  of  Group  B averaged  less  than  7 prac- 
tice sessions  per  week,  and  52  percent  of  Group  A and  58 
percent  of  Group  B averaged  10  or  more  sessions  per 
week. 

Significant  decreases  in  blood  pressure  occurred  only 
in  Group  A (see  Figure  1 on  page  23).  Virtually  no  changes 
in  blood  pressure  occurred  in  Groups  C or  D. 

In  Group  A,  between  the  first  session  and  the  last, 
there  was  an  average  decrease  of  12  millimeters  of  mer- 
cury (mm  Hg)  in  systolic  blood  pressure  (the  pressure  of 
the  blood  on  the  walls  of  the  arteries  when  the  heart  mus- 
cle contracts).  In  Group  B systolic  blood  pressure  de- 
creased an  average  of  6.5  mm  Hg,  and  in  Group  C it 
remained  essentially  unchanged. 
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Similar  changes  occurred  in  diastolic  blood  pressure 
(the  pressure  of  the  blood  on  the  walls  of  the  arteries 
when  the  heart  muscle  relaxes).  Between  the  first  session 
and  the  last,  diastolic  blood  pressure  decreased  7.9  mm 
Hg  in  Group  A but  only  3.1  mm  Hg  in  Group  B and  0.3 
mm  Hg  in  Group  C. 

This  pattern  of  blood  pressure  changes  among  the 
three  groups  appeared  in  both  sexes,  at  all  ages,  and  at 
all  levels  of  initial  blood  pressure.  However,  in  all  three 
groups,  but  especially  in  Group  A,  greater  decreases  in 
both  systolic  and  diastolic  blood  pressures  tended  to  oc- 
cur in  individuals  with  higher  initial  blood  pressures. 

The  same  pattern  of  changes  was  noted  on  the  indexes 
of  general  health,  performance,  and  sense  of  well-being, 
as  shown  in  Figures  2,  3,  and  4.  After  the  eight-week 
experimental  period,  the  greatest  average  improvements 
on  each  of  these  indexes  occurred  in  Group  A.  Group  C 
was  least  improved,  and  Group  B was  intermediate.  These 
improvements  were  statistically  significant  on  three  of 
the  four  indexes — those  for  symptoms,  performance,  and 
sociability-satisfaction.  The  changes  on  the  happiness- 
unhappiness  index  were  not  statistically  significant. 

Deciding  on  a Remedy 

In  this  investigation  at  Converse,  all  participants  in 
Group  A were  asked  to  elicit  the  relaxation  response  twice 
a day.  However,  analysis  of  the  self-reported  practice 
patterns  suggested  that  bringing  forth  the  relaxation  re- 
sponse once  a day  may  have  been  sufficient  to  obtain  the 
beneficial  effects. 

A seven-month  investigation  is  underway  at  PPG  In- 
dustries to  ascertain  the  optimal  frequency  of  relaxation 
response  breaks  necessary  to  obtain  beneficial  effects. 
This  investigation,  supervised  by  PPG’s  medical  direc- 
tor, Dr.  Lee  B.  Grant,  involves  approximately  300  man- 
agement-level employees  from  all  divisions  of  PPG’s 
home  office  in  Pittsburgh  and  will  be  completed  in  1978. 

The  results  of  the  Converse  investigation  indicate  that 
relaxation  response  breaks  not  only  are  feasible  in  the 
workday  world  but  also  are  associated  with  improve- 
ments in  general  health,  performance,  and  well-being 
and  with  a lowering  of  blood  pressure. 

Such  a decrease  is  desirable  even  in  an  individual 
whose  blood  pressure  falls  within  the  normal  range,  for 
the  risk  of  developing  heart  attacks  and  strokes  (the  causes 
of  over  50  percent  of  the  deaths  in  the  United  States  to- 


^ United  States  Department  of  Health,  Education,  and  Welfare, 
Vital  and  Health  Statistics,  ‘ ‘Mortal  Trends  for  Leading  Causes 
of  Death,”  DHEW  Publication  No.  [HRA]  74-1853,  Series  20, 
No.  16  (Washington,  D.C.:  U.S.  Government  Printing  Office, 
1974);  Herbert  Benson,  “Systemic  Hypertension  and  the  Re- 
laxation Response,”  The  New  England  Journal  of  Medicine, 
May  1977,  p.  1152;  and  Edward  D . Freis,  “Hypertension  and 
Atherosclerosis,”  American  Journal  of  Medicine,  May  1969,  p. 
735. 

^American  Heart  Association,  Heart  Facts  (Dallas'.  National 
Center  of  the  American  Heart  Association,  1976). 
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Instructions  to  Elicit  the  Relaxation  Response 

1.  Sit  quietly  in  a comfortable  position. 

2.  Close  your  eyes. 

3.  Beginning  at  your  feet  and  progressing  up  to  your 
face,  deeply  relax  all  your  muscles.  Keep  them 
relaxed. 

4.  Breathe  through  your  nose.  Become  aware  of  your 
breathing.  As  you  breathe  out,  say  the  word  one 
silently  to  yourself.  Continue  the  pattern:  breathe 
in  . . . out,  "one",  in  . . . out,  "one";  and  so  on. 
Breathe  easily  and  naturally. 

5.  Continue  for  10  to  20  minutes.  You  may  open  your 
eyes  to  check  the  time,  but  do  not  use  an  alarm. 
When  you  finish,  sit  quietly  for  several  minutes, 
first  with  your  eyes  closed  and  later  with  your  eyes 
opened.  Do  not  stand  up  for  a few  minutes. 

6.  Do  not  worry  about  whether  you  are  successful  in 
achieving  a deep  level  of  relaxation.  Maintain  a 
passive  attitude  and  permit  relaxation  to  occur  at 
its  own  pace.  When  distracting  thoughts  occur,  try 
to  ignore  them  by  not  dwelling  on  them  and  return 
to  repeating  one.  With  practice,  the  response  should 
come  with  little  effort.  Practice  the  technique  once 
or  twice  daily  but  not  within  two  hours  after  any 
meal,  since  the  digestive  processes  seem  to  interfere 
with  eliciting  the  relaxation  response. 

S > 

day)  is  directly  proportional  to  the  level  of  blood  pres- 
sure. As  blood  pressure  goes  down,  the  risk  diminishes.'* 
This  lowered  risk  can  be  translated  into  dollars  saved. 
It  has  been  estimated  that  the  cost  of  cardiovascular  dis- 
ease in  the  United  States  today  is  $26.7  billion  per  year.^ 
Although  it  is  much  more  difficult  to  quantify  the  costs 
of  other  stress-related  disorders,  such  as  anxiety,  the 
presence  and  deleterious  effects  of  these  impairments  are 
widely  recognized. 

Relaxation  response  breaks  appear  to  alleviate  stress- 
related  problems.  Both  individuals  and  industries  should 
benefit  from  incorporating  this  relatively  inexpensive 
and  safe  “health  habit’’  into  the  work  environment. 

DJV|J 


RUANNE  K.  PETERS  is  a postdoctoral  research  fellow 
at  the  Channing  Laboratory,  Harvard  Medical  School  in 
Boston,  Massachusetts. 

DR.  HERBERT  BENSON  is  an  associate  professor  of 
medicine  at  the  Harvard  Medical  School.  He  is  also  director 
of  the  Hypertension  and  Behavioral  Medicine  Sections  of 
Beth  Israel  Hospital  in  Boston,  Massachusetts. 


Defense  Management  Journal 


25 


By  Cdr.  Douglas  P.  Dunbar,  Jr, 


Reliability  of  System 


26 


November  1978 


With  shortfalls  in 
reliability  driving  up 
support  costs,  the 
Navy  has  come  to 
believe  that  an 
ounce  of  prevention 
during  design  and 
testing  is  worth  a 
pound  of  cure  after 
deployment. 


For  many  years,  the  Navy  has 
been  challenged  with  developing 
reliable  weapon  systems  and  equip- 
ment. Shortfalls  in  reliability  can 
severely  degrade  combat  effectiveness 
and  increase  support  costs.  Although 
weapon  systems  readiness  is  a fore- 
most concern  of  commanders,  increases 
in  ownership  costs  and  logistics  sup- 
port requirements  continue  to  outpace 
the  Navy’s  budgetary  and  operational 
capacity  to  pieet  such  demands.' 

To  counter  this  trend,  the  Navy  must 
emphasize  and  increase  the  reliability 
of  new  weapon  systems.  Reliability 


begins  on  the  drawing  board  and  must 
be  assessed  throughout  development. 
Even  though  this  concept  has  long 
been  embraced  by  military  standards 
and  specifications,  the  fact  remains 
that  substantive  improvements  in  the 
reliability  of  fleet  systems  have  not 
been  realized  to  the  degree  desired. 
Newly  developed  systems  and  equip- 
ment often  meet  reliability  standards 
in  the  laboratory,  but  fail  to  perform 
well  in  the  fleet  environment.^ 

Traditionally,  design  and  demon- 
stration tests  have  been  structured 
around  specifications  that  may  have 
been  written  with  little  regard  to  the 
environment  in  which  the  system  will 
be  operating.  Certainly,  one  of  the  first 
steps  in  the  system  acquisition  process 
should  be  determining  the  environ- 
mental conditions  under  which  the  sys- 
tem will  operate.  This  is  being  done  in 
the  development  of  the  F-18  Naval 
Strike  Fighter.  In  the  F-18  develop- 
ment program,  the  expected  operation- 
al mission  environment  is  a primary 
determinant  of  design  and  test  require- 
ments. The  Navy  and  contractors  have 
quickly  come  to  realize  that  OME  con- 
siderations during  development  lead  to 
improved  system  reliability  and  re- 
duced life-cycle  costs. 

Reliability  by  Design 

Existing  design  and  test  requirements 
often  inadequately  represent  the  operat- 
ing stresses  imposed  on  fleet  aircraft 
and  equipment.  As  a result,  failure 
modes  not  considered  or  discovered 
during  design  and  testing  may  surface 
after  deployment  with  dismaying 
regularity.  Significant  improvement  of 
F-18  reliability  is  one  of  the  highest 
program  objectives.  Even  as  early  as 
the  design  stage,  reliability  is  as  im- 
portant a consideration  as  system  cost 
and  capability.  As  such,  the  Naval  Air 
Systems  Command  has  developed  a 
management  approach  to  ensure  the 
acquisition  of  effective  and  reliable 
systems  that  minimize  life-cycle  costs. 

The  OME  testing  includes  all  exer- 
cises and  conditions  that  the  airplane 
and  its  subsystems  will  be  subjected  to 
during  their  operational  lifetime.  This 
includes  training  and  combat  missions, 
critical  flight  conditions  as  outlined  in 
the  F-18  flight  envelope,  excursions 


beyond  normal  performance  limits  of 
the  airplane  and  pilot,  and  ground 
handling  and  storage.  Test  criteria  for 
such  factors  as  payload  capacity,  vibra- 
tion, temperature,  altitude,  humidity, 
and  acoustics  are  predicated  on  the 
operational  mission  environment.  Ad- 
ditionally, design  attributes  necessitated 
by  the  OME  now  become  design-to  re- 
quirements for  all  systems  under  de- 
velopment. These  design-to  require- 
ments are  prescribed  in  the  Navy  prime 
specifications  and  are  passed  along  from 
the  contractor  to  subcontractors  through 
equipment  procurement  specifications. 
Thus,  equipment  is  designed  and  tested 
under  conditions  that  approximate  the 
expected  operational  environment. 

F‘18  Mission  Profiles 

A mission  profile  is  a detailed  tech- 
nical description  of  a deployed  system’s 
expected  use.  The  information  is  indis- 
pensable to  the  satisfactory  design  and 
testing  of  the  system  at  the  contrac- 
tor’s plant.  It  provides  the  baseline 
against  which  system  reliability  and 
performance  can  be  measured.  Military 
procurement  specifications  rarely 
include  an  adequate  mission  profile, 
and  contractors  are  seldom  required  to 
develop  one.  This  deficiency  is  due 
to  the  absence  of  military  standard 
methodology  for  mission  profile  de- 
velopment and  use.^  This  omission 
results  in  serious  reliability  shortfalls 
when  the  system  begins  to  experience 
actual  conditions. 

Because  a key  factor  in  the  success 
of  the  F-18  is  achieving  a level  of  re- 
liability much  higher  than  that  of  cur- 
rent aircraft,  emphasis  was  placed  on 
realistic  operational  mission  profiles. 
These  profiles  define  the  environment 
in  which  the  system  is  designed,  tested, 
and  expected  to  perform. 

Defining  the  mission  of  the  F-18 


'W.J.  Willoughby,  “Reliability  by  Design, 
Not  by  Chance,”  Defense  Management 
Journal,  April  1976,  pp.  12-18. 

^Lt.  Gen  R.T.  Marsh,  USAF,  “Avionics 
Equipment  Reliability:  An  Elusive  Objec- 
tive,” DMJ,  April  1976,  pp.  24-29. 
^Naval  Electronics  Systems  Command, 
Generation  of  a Guideline  for  a Standard 
Mission,  Profile,  TR  958-6145-1005 , Au- 
gust 20,  1976. 
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factors — temperature,  vibration,  and 
moisture — account  for  a majority  of 
environmentally  induced  failures. 
Accordingly,  these  factors  were  stressed 
in  the  development  of  the  F-18  OME. 
Other  elements,  although  having  rela- 
tively less  impact  on  field  failures,  are 
significant  and  were  also  considered. 

The  most  dynamic  portion  of  the 
composite  mission  is  the  Air  Combat 
Maneuvering  phase  of  the  combat 
mission  segment.  ACM  takes  up  3.34 
minutes  of  the  8.33-minute  combat 
segment,  and  represents  approximate- 
ly 3 percent  of  the  mission  flight  time. 
However,  the  environmental  extremes 
encountered  in  this  phase  are  signifi- 
cant. Air  combat  studies  using  F-18 
and  F-15  flight  simulators,  plus  F-4, 
F-15,  and  YF-17  flight  experiences, 
were  conducted  to  determine  the  ex- 
pected F-18  normal  load  factor  envi- 
ronment. These  data  indicate  that 
during  ACM  the  airplane  will  likely  be 


was  the  first  step.  Typical  missions  for 
the  fighter  and  attack  roles  of  the  air- 
plane include: 

• Fighter  escort. 

• Barrier  combat  air  patrol. 

• Deck  launch  intercept. 

• Air  combat  training. 

• Interdiction. 

• Close  air  support. 

• Low-level  navigation  or  strike. 

• Carrier  qualifications. 

• Surface  and  subsurface  search. 

• Ferry. 

• Familiarization  or  instrument 
training. 

Critical  combat  missions  were  based 
on  the  operational  requirement.  Train- 
ing missions  were  developed  from 
squadron  surveys,  training  require- 
ments for  similar  aircraft,  and  pilot 
experience  data.  A frequency  of  occur- 
rence for  each  mission  was  established, 
as  were  combat-training  mission  ratios. 
These  were  based  on  experience  and 
the  intended  role  of  the  F-18.  Indi- 
vidual missions  consist  of  up  to  15 
segments  (climb,  cruise,  combat,  air 
refueling,  descent,  etc.)  which  consti- 
tute the  profile.  Performance  param- 
eters such  as  altitude,  distance,  fuel, 
and  time  were  calculated  for  each  mis- 
sion segment. 

Although  the  F-18  is  expected  to 
spend  the  majority  of  its  time  within 
the  regions  defined  by  the  mission 
profiles,  its  operations  outside  the 
flight  envelope  were  also  considered. 
Critical  design  points,  some  of  which 
were  not  within  the  composite  mission 
matrix  of  flight  conditions,  were  se- 
lected. Mission  segments,  flight  enve- 
lopes, and  ground  operations  together 
form  the  F-18  operational  mission 
profile. 


F-18  Mission  Environment 


Although  the  expected  operational 
environment  has  many  elements,  sev- 
eral have  been  shown  to  be  most  re- 
sponsible for  equipment  failures.  These 
include: 

• Flight  loads. 

• Vibration,  shock,  and  acoustical 
noise. 

• Temperature,  altitude,  and  hu- 
midity. 

• Salt,  sand,  and  dust. 

Studies  indicate  that  three  of  these 


stressed  beyond  its  normal  design  load 
factor  for  a small  portion  of  the  time. 
Approximately  2.5  percent  of  the  F-18 
ACM  time  is  expected  to  be  above  the 
7.5  g design  limit  load  factor.  Flight 
loads  for  other  mission  segments  and 
critical  mission  points  were  similarly 
derived  to  establish  equipment  design 
criteria. 

The  thermal  environment  for  aircraft 
equipment  depends  on  external  factors 
such  as  ambient  temperature,  humidity, 
altitude,  and  speed  of  the  aircraft,  as 
well  as  on  internal  factors  such  as  equip- 
ment heat  dissipation  and  aircraft- 
supplied  cooling  air.  Analysis  of  ex- 
ternal thermal  influences  on  the  F-18 
equipment  environment  included: 

• Climatology  studies  of  predicted 
land-based  and  open-ocean  operations 
areas. 

• Temperature  distributions  at  sea 
level  and  at  various  altitudes. 

• Mission-segment  environment. 
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and  frequency  of  and  time  per  occur- 
rence. 

• Rapid  changes  in  temperature, 
pressure,  and  humidity  resulting  from 
transient  maneuvers. 

Internal  thermal  influences  were 
assessed  by  dividing  the  airplane  into 
1 1 thermal  zones  and  establishing 
design  requirements  for  each. 

Vibration  significantly  affects  equip- 
ment reliability.  F-18  vibration-related 
design  criteria  were  based  on  vibration 
measurements  taken  from  other  fighters 
and  on  the  F-18  environment  as  pre- 
sented in  the  mission  profiles.  Vibra- 
tion levels  were  established  for  equip- 
ment located  in  separate  zones  of  the 
airplane.  Considerations  in  developing 
this  environment  included  critical 
flight  exercises  such  as  catapults  and 
arrested  landings,  high-speed  low- 
altitude  flight  in  turbulent  air,  gun 
firing,  and  normal  flight  operations. 

The  F-18  will  actually  be  in  flight 
less  than  4 percent  of  its  life.'*  The  re- 
mainder of  the  time  is  spent  in  storage, 
handling,  and  maintenance.  The  ground 
environment  considerations  include 
seawater  spray,  stack  gas  from  conven- 
tional-powered aircraft  carriers,  rain, 
abrasion  from  nonskid  flight  deck 
coverings,  humidity,  exhaust  fumes 
from  other  aircraft,  electromagnetic 
interference,  airborne  contaminants, 
and  temperature.  Additionally,  opera- 
tional ground  activities  such  as  refuel- 
ing, arming,  inspections,  and  main- 
tenance are  considered  in  the  design 
requirements  for  equipment. 

Integrated  Test  Program 

The  F-18  test  program  calls  for  a 
logical  sequence  of  testing  at  increasing 
levels  of  assembly  and  environmental 
complexity.  Test  feedback  is  applied  in 
subsequent  design  efforts  to  produce 
high  reliability  equipment.  Testing  is 
divided  into  three  major  categories — 
development,  demonstration,  and  ac- 
ceptance. The  development  phase  as- 
sesses the  design’s  suitability  for  mis- 
sion-critical environments.  It  includes 
a reliability  growth  program  known 
as  test,  analyze,  and  fix,  and  utilizes 
closed-loop  failure  reporting.  The  dem- 
onstration phase  verifies  design  require- 
ments during  laboratory  and  actual  flight 
conditions.  Included  in  this  program 


are  50  dedicated  reliability  demonstra- 
tion flights.  During  the  acceptance 
phase,  tests  are  conducted  to  verify  that 
the  equipment  adheres  to  the  agreed- 
upon  specifications. 

In  the  accelerated  testing  approach, 
the  system,  in  short-term  simulated 
tests,  is  subjected  to  the  wear  and  tear 
it  is  expected  to  endure  in  the  course  of 
its  operational  lifetime.  Testing  should 
be  designed  to  induce  failures.  Com- 
bined temperature,  vibration,  and 
humidity  environmental  cycling  will 
be  conducted  on  several  mission-crit- 
ical systems  such  as  the  radar. 

Contract  Requirements 

The  F-18  prime  contract  and  the 
engine  development  contract  contain 
reliability  and  maintainability  guaran- 
tees. Contractors  have  set  reliability 
and  maintainability  design  goals  which 
exceed  their  contract  guarantees  and 
which  are  steadfastly  pursued  during 
subsystem  and  component  develop- 
ment. As  the  design  develops,  predic- 
tions of  equipment  reliability  are  com- 
pared with  the  allocation  to  determine 
acceptability. 

At  key  decision  points  during  the 
full-scale  development  phase,  the  con- 
tractor is  required  to  demonstrate  reli- 
ability growth  consistent  with  the  guar- 
antees. At  1,200  cumulative  flight 
hours,  a period  which  corresponds  to 
the  low-rate  production  decision  ap- 
proximately 18  months  after  first  flight, 
the  system  mean-flight-hours-between- 
failures  must  be  2.9  hours  or  greater. 
At  2,500  flight  hours,  a period  which 
corresponds  to  the  full-production  deci- 
sion approximately  29  months  after 
first  flight,  the  system  MFHBF  must 
equal  or  exceed  3.7  hours.  At  maturity, 
the  F-18  design  MFHBF  may  exceed  4 
hours. 

Reliability,  maintainability,  program 
management,  and  other  life-cycle  cost 
factors  have  been  incentivized  in  the 
F-18  contract  through  an  award  payment 
plan.  The  contractor’s  ability  to  earn 
award  payments  is  based  on  his  achiev- 
ing and  improving  reliability  and  main- 
tainability factors.  The  total  fee  avail- 
able under  the  award  payment  plan  is 
$39  million,  $24  million  of  which  is 
directly  related  to  meeting  reliability 
and  maintainability  requirements. 


Total-Cost  Implications 

The  life-cycle  cost  of  a system  is  the 
total  cost  of  acquisition  and  ownership 
of  that  system  over  its  full  life.  The  two 
primary  factors  included  in  LCC  are 
development  and  acquisition  costs  and 
operating  and  support  costs.  Estimates 
of  typical  O&S  costs  for  weapon  sys- 
tems range  from  50  to  75  percent  of  the 
LCC.  The  growing  cost  of  major  weap- 
on systems,  coupled  with  a relatively 
fixed  defense  budget,  has  forced  the 
Department  of  Defense  to  carefully 
consider  extended  costs  of  acquiring  a 
new  system.  The  Navy  recognizes  that 
a decision  to  acquire  a new  system  is 
also  a decision  to  provide  support  for 
that  system  once  it  is  in  the  fleet.  Be- 
cause O&S  requirements  are  driven  by 
the  design  of  system  equipment,  it  is 
critical  that  LCC  be  considered  early 
in  development.  It  is  extremely  diffi- 
cult and  costly  to  reduce  O&S  costs 
once  the  system  is  deployed. 

DoD  Instruction  5000.28  establishes 
cost  as  a parameter  equal  in  importance 
to  technical  requirements.  Effective 
control  of  system  expenditures  can  be 
achieved  by  practical  trade-offs  between 
operational  capability,  schedule,  and 
costs.  Because  of  the  ability  to  esti- 
mate production  costs  more  accurately 
and  the  supportive  production-cost  data 
base  available,  initial  goals  for  design- 
to-cost  are  usually  established  in  the 
form  of  average  unit-flyaway  cost. 

Programs  to  strengthen  the  data  base 
of  O&S  costs  have  improved  greatly  in 
the  last  few  years  and  “design  to’’ 
goals  have  been  extended  to  this  area. 
Program  managers  are  strongly  en- 
couraged to  use  life-cycle  cost  estimates 
as  a basis  for  cost  trade-off  analyses 
when  considering  development  versus 
operating  and  support  costs. 

The  major  design  characteristics 
which  drive  O&S  costs  are  reliability 
and  maintainability.  Reliability  and 
maintainability  in  turn  drive  the  man- 
power requirements  in  the  operation 
and  support  of  systems.  Manpower  has 
become  the  most  expensive  element  in 
the  DoD  budget,  and  is  reflected  not 


* McDonnell  Aircraft  Company,  F-18  Mis- 
sion and  Operational  Environment,  MDCA 
4239,  June  30,  1976  (classified). 
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only  in  the  number  of  people  required 
to  operate  and  support  a system,  but  in 
the  cost  of  training  them. 

The  Navy  has  carefully  predicted  and 
analyzed  F-18  O&S  costs  early  in  the 
development  phase.  This  should  reduce 
total  LCC  and  help  alleviate  crowded 
working  and  living  conditions  aboard 
aircraft  carriers. 

A major  factor  in  reducing  operating 
and  support  costs  is  improved  reli- 
ability of  F-18  ancillary  equipment.  As 
noted  earlier,  a key  element  in  achieving 
increased  reliability  is  the  use  of  the 
expected  operational  mission  environ- 
ment as  the  basis  for  design  and  test 
requirements.  The  additional  cost  of 
operational  mission  environment  design 
and  test  was  borne  by  the  F-18  program 
office.  It  should  be  noted,  however, 
that  only  mission-critical  F-18  terms 
were  evaluated  for  specific  OME  appli- 
cation. Most  of  the  remaining  F-18 
equipment,  273  procured  items  out  of  a 
total  of  316  procurements,  are  simple 
designs  (valves,  switches,  etc.)  and 
were  already  being  procured  under 
specification's  having  design  and  test 
requirements  closely  matching  the 
operational  mission  environment.  In 
effect,  almost  94  percent  of  the  F-18 
contractor-furnished  equipment  will  be 
procured  with  specific  OME  design  and 
test  criteria,  or  under  existing  specifica- 
tions closely  matching  the  OME  intent. 
Under  separate  contract,  the  govern- 


ment-furnished engines  are  also  being 
designed  and  tested  to  the  OME.  To 
date,  the  Navy  has  selected  19  contrac- 
tor-furnished items  for  OME  major 
equipment  design  and  test  requirements. 
The  equipment  selected  includes: 

• Radar  set. 

• Flight  control  electronics  set. 

• Inertial  navigation  system. 

• Multipurpose  display. 

• Air-conditioning  system. 

• Auxiliary  power  unit. 

• Airplane-mounted  accessory  drive. 

• Pilot’s  heads-up  display. 

• Motive  flow  fuel  pump. 

• Hydraulic  reservoir  assembly. 

• Maintenance  monitor  panel. 

• Air  turbine  starter. 

• Air  turbine  starter  control  valve. 

• Up-front  control  unit. 

• Communication  system  control. 

• Pressure  regulator  and  shutoff 
bleed  valve. 

• VER-2  bomb  rack. 

• Super  14-30  bomb  rack. 

• AIM-7F  launcher. 

The  total  added  cost  to  the  Navy  of 
OME  design  and  test  of  these  items  is 
approximately  $3.6  million;  the  ex- 
pected life-cycle  cost  savings  is  esti- 
mated to  be  $108  million  — a 30:1 
payback.  The  life-cycle  cost  savings 
are  significant  and  demonstrate  the 
effectiveness  of  the  Naval  Air  Systems 
Command’s  new  approach  to  manage- 
ment of  material  acquisition  programs. 


More  Realism  Needed 

The  operational  reliability  of  many 
weapon  systems  in  the  fleet  is  far  below 
that  which  was  specified  in  require- 
ment documents,  or  demonstrated  dur- 
ing development  testing.  Long-standing 
design  and  test  requirements  and  phi- 
losophies have  not  succeeded  in  provid- 
ing needed  levels  of  operational  readi- 
ness or  in  constraining  life-cycle  cost 
growth.  The  trend  toward  decreased 
combat  effectiveness  and  increased 
support  costs  must  be  reversed.  The  F-18 
program  is  utilizing  realistic  mis- 
sion profiles  to  accurately  simulate  the 
expected  operational  environment  of 
the  airplane. 

More  realistic  design  and  test  efforts 
should  significantly  improve  F-18  fleet 
reliability  and  reduce  operating  and 
support  costs  in  the  years  ahead.  The 
F-18  program’s  application  of  the 
operational  mission  environment  con- 
cept early  in  the  design  phase  appears 
to  be  a very  sound  and  innovative  ap- 
proach — one  with  great  potential  for 
increasing  system  operational  effective- 
ness. DJV|J 


COMMANDER  DOUGLAS  P. 
DUNBAR,  JR.,  USN  is  the  F-18  Assis- 
tant Program  Manager  for  Material  Ac- 
quisition at  the  Naval  Air  Systems  Com- 
mand, Washington,  DC. 
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By  Michael  L.  Johnson  and  Kenneth  McCloskey* 


Since  the  enactment  of  the  Federal 
Merit  Promotion  Policy  in  1959, 
Government  agencies  have  been  chal- 
lenged to  select  and  promote  the  best- 
qualified  employee.'  This  precept 
seems  simple  enough,  but  there  remains 
the  problem  of  accurately  and  fairly 
measuring  each  candidate’s  merit.  The 
problem  is  not  in  the  failure  to  select 
the  best-qualified  candidate,  but  rather 
in  the  failure  to  determine  who  the  best- 
qualified  candidate  is.  Despite  the 
mindful  and  deliberate  steps  of  the 
traditional  selection  process,  there  is 
little  assurance  that  the  most  skilled 
and  knowledgeable  candidate  will 
emerge  at  the  top  of  the  list.  Indeed, 
the  need  for  a sound  procedure  for 
measuring  merit  has  been  evidenced 
repeatedly  in  the  work  force,  the  agency 
appeal  channels,  and  the  courts.^ 

The  Army  Depot  at  Red  River,  Texas, 
acting  on  the  belief  that  fair  and  un- 
biased employee  selection  is  critical  to 
its  mission  accomplishment,  recently 
adopted  a new  procedure  for  measuring 
employee  merit.  It  is  called  Ability, 
Skill,  and  Knowledge  Merit  Evaluation 
or  ASK  ME.  To  date,  ASK  ME  has  been 
used  to  assess  1 ,200  candidates  at  Red 
River  for  selection  and  promotion  ac- 
tions, and  not  a single  grievance  or 
complaint  has  been  filed. 

The  ASK  ME  procedure  consists  of 
four  phases;  job  analysis,  examination 
plan,  candidate  evaluation,  and  valida- 
tion. 

First,  subject-matter  experts  perform 
a detailed  job  analysis,  describing  the 
knowledge,  skills,  and  abilities  re- 
quired for  a particular  job.  After  an 
examination  plan  is  developed,  an  ap- 
plicant’s competitive  standing  is  deter- 
mined by  such  methods  as  performance 


*This  article  is  adapted  from  an  award- 
winning essay  presented  by  the  authors  at 
the  Army  Personnel  Alumni  Association 
Professional  Development  Seminar,  held 
earlier  this  year  in  Washington,  DC. 

' U .S.  Civil  Service  Commission  Federal 
Personnel  Manual,  ‘ 'Federal  Merit  Promo- 
tion Policy,"  Chapter  335,  1959. 

^ The  Law,"  Time,  October  1977. 
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The  Red  River  Army  Depot’s  new  selection  procedure  includes 
an  actual  performance  demonstration  by  the  candidate,  an 
oral  evaluation,  and  a candidate  self-assessment. 


A New  Approach 
For  Identifying 
Best-Qualified  Candidates 


Figure  1.  Candidate  Test  Scores 


Test  Scores 

^ Applicants  (Total  = 430) 


evaluation,  oral  interviews,  and  assess- 
ment of  educational  background. 

Job  Analysis 

The  steps  involved  in  applying  ASK 
ME  can  be  illustrated  by  tracing  how  a 
mechanic’s  job  was  filled.  The  first 
step  was  identifying  the  subject-matter 
experts  to  sit  on  the  job-analysis  panel 
and  perform  a detailed  job  analysis, 
describing  the  knowledge,  skills,  and 
abilities  required  for  the  job.  Six  experts 
were  named,  two  of  whom  were  super- 
visors, two  were  union  leaders,  and  two 
were  journeyman  mechanics.  (In  most 
instances,  the  panels  will  include  at 
least  one  female,  one  minority-group 
member,  and  one  union  representative.) 
Panel  members  were  selected  on  the 
basis  of  their  technical  skills  and  ob- 
jectivity. 

In  the  initial  meeting,  a personnel 
technician  explained  the  purpose  of  the 
job  analysis  and  ensured  a common 
understanding  of  the  terminology  to  be 
used.  Next,  the  subject-matter  experts 
listed  the  job  elements  or  tasks  that 
comprise  the  job.  In  this  case,  there 
were  approximately  180.  The  experts 
then  rated  the  relative  importance  of 
each  element,  using  a form  devised  by 
Ernest  S.  Primoff^  of  the  Civil  Service 
Commission.  The  rating  sheets  were 
evaluated  by  a computer  program  de- 
veloped by  the  Civil  Service  Commis- 
sion and  modified  for  Red  River’s  needs. 
The  printout  identified  redundant  items, 
areas  requiring  specific  training,  and 
the  characteristics  of  the  ideal  worker 
for  such  a position. 

Examination  Plan 

The  next  step  was  devising  an  ex- 
amination plan  to  measure  ability  in 
each  element.  The  subject-matter  ex- 
perts selected  the  appropriate  measuring 
device  for  each  element.  These  devices 
included  performance  evaluation;  oral 
evaluation;  education,  training,  and 
awards;  and  the  personal  qualifications 
statement  (including  self-ratings). 

In  the  example  of  the  mechanic,  the 
element,  “ability  to  use  a micrometer,’’ 
would  obviously  be  best  measured  by 
the  performance  evaluation  method. 
This  illustrates  the  particular  strength 
of  ASK  ME.  Until  now,  an  applicant’s 


ability  to  use  a micrometer  was  judged 
solely  on  a supervisory  appraisal,  the 
accuracy  of  which  was  uncertain.  For 
example,  a supervisor  might  unfairly 
say  that  an  employee  is  “poor  in  using 
a micrometer.’’  Conversely,  the  super- 
visor might  fall  prey  to  the  halo  syn- 
drome, and  inflate  the  rating.  On  the 
other  hand,  when  the  employee  rates 
his  own  skills,  there’s  really  no  way  to 
know  if  he  is  being  candid.  In  other 
words,  these  methods  are  subjective. 
With  ASK  ME,  though,  the  employee 
actually  exhibits  his  skills.  Personnel 
technicians  are  not  always  knowledge- 
able about  how  to  perform  specific  job 
functions  so  subject-matter  experts  do 
the  actual  scoring  on  performance  and 
oral  evaluations. 

Candidate  Evaluation 

Here,  the  actual  assessment  of  the 
candidates  begins.  In  the  case  of  the 
mechanic,  all  of  the  evaluation  devices 
are  used.  First,  applicants  for  the  posi- 
tion rate  their  own  proficiency  at  certain 
elements.  The  ratings  range  from  “A,” 


meaning  the  applicant  had  little  or  no 
knowledge  of  the  element,  to  “E,” 
meaning  the  applicant  considered  him- 
self an  expert.  In  many  instances,  the 
results  of  this  self-evaluation  differed 
considerably  from  those  of  the  oral  and 
performance  evaluations. 

Skills  in  certain  job  elements  are  best 
measured  by  oral  evaluation.  Three 
technically  qualified  raters  asked  each 
applicant  35  questions.  All  questions 
were  accompanied  by  slides  in  order  to 
reduce  possibility  of  cultural  or  ethnic 
bias.  Consideration  has  been  given  to 
playing  the  questions  on  a tape  recorder 
to  ensure  that  each  candidate  receives 
the  same  instructions. 

Journeyman  mechanics  performed 
dry  runs,  and  mean  times  for  success- 
ful completion  of  performance  tasks 
were  calculated.  From  this  fair  and  ac- 
curate time  limits  for  applicants  were 
determined.  Applicants  were  required 

^E.S.  Primoff,  “How  to  Prepare  and  Con- 
duct Job-Element  Examinations,  U .S.  Civil 
Service  Commission,  Washington,  DC, 
1973. 
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Figure  2.  Test  Score  - Supervisory  Assessment  Correlation 
480  — 
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to  perform  such  functions  as  selecting 
correct  bearings,  installing  bearings  in 
a crankshaft,  and  torquing  cap  bolts. 
Some  applicants  installed  the  crankshaft 
backwards  and  others  tried  to  measure 
bearings  with  a ruler.  Raters  could 
indeed  see  if  a person  truly  possessed 
mechanical  aptitude. 

Based  on  the  data  and  scores  of  some 
430  applicants,  the  panel  determined 
qualification  categories.  The  scores 
ranged  from  126  points  to  461  points. 
Applicants  scoring  312  or  higher  were 
considered  qualified.  A distribution  of 
candidate  selection  test  scores  is  pro- 
vided in  Figure  1 . 

Because  the  whole  procedure  clearly 
delineates  the  necessary  skills,  an  ap- 
plicant can  easily  see  what  area  he  needs 
training  in.  ASK  ME  revealed  that 
management  was  deficient  in  providing 
training  in  trades  and  crafts.  Arrange- 
ments were  made  with  the  local  com- 
munity college  to  provide  after-duty, 
vocational  training.  Areas  of  instruc- 
tion included  internal  combustion, 
electrical  systems,  blueprint  reading, 
welding,  and  fuel  systems.  Because  it 


utilized  depot  facilities,  tools,  and 
equipment,  this  training  was  offered  at 
a reduced  cost  to  employees. 

Validation 

ASK  ME  boasts  built-in  content 
validity,  because  only  those  elements 
that  job-knowledge  experts  consider 
essential  are  used  as  test  items.  Con- 
tent validity  is  further  ensured  by  the 
use  of  all,  not  just  a representative 
number,  of  essential  elements. 

Another  validation  technique  em- 
ployed was  that  of  predictive  validity. 
Predictive  validity  is  determined  by 
evaluating  a selectee’s  job  performance 
after  his  first  6 or  12  months  on  the  job 
and  comparing  those  scores  with  the 
scores  he  made  on  tests  given  as  part  of 
the  selection  process.  The  extent  of  the 
correlation,  referred  to  as  a validity 
coefficient,  is  a direct  indication  of  the 
predictive  strength. 

What  is  a sufficient  validity  co- 

‘^R.N.  McMurry,  Tested  Techniques  of 
Personnel  Selection,  Darnell  Corporation, 
Chicago,  IL,  1973. 


efficient?  Robert  N.  McMurry  in  Tested 
Techniques  of  Personnel  Selection 
states: 

. . .If  the  correlation 
between  the  test  scores 
and  criteria  of  job  success 
is  high  (at  least  .50)  the  test 
is  said  to  be  “valid,”  and 
can  be  used  with  confidence 
in  predicting  the  success 
of  applicants.'* 

In  our  example,  a sample  of  21 1 ap- 
plicant scores  and  supervisory  ratings 
was  used  for  validation.  The  validity 
coefficient  of  0.625  was  considered 
adequate  for  prediction.  Simply  stated, 
supervisory  evaluations  tend  to  confirm 
predictions  made  on  the  basis  of  selec- 
tion test  scores  (see  Figure  2). 

Advantages 

ASK  ME  has  some  obvious  strengths. 
It  offers  a fair  and  objective  method 
for  identifying  skilled  employees  and 
is  adaptable  to  almost  any  position. 

As  a result  of  ASK  ME,  supervisors 
have  become  more  aware  of  their  re- 
sponsibility for  ensuring  that  each 
employee  performs  all  the  elements  of 
the  job  to  which  he  is  assigned,  and 
employees  have  become  more  aware  of 
the  advancement  opportunities  provided 
by  self-development  programs. 

Perhaps  the  most  marked  feature  of 
ASK  ME  is  that  it  is  the  product  of  col- 
laboration among  the  work  force,  the 
union,  and  management.  Each  accepts 
the  system  and  views  it  as  a fair  and 
objective  vehicle  for  measuring  merit. 

DJV|J 
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psychologist  in  the  Organizational  Ef- 
fectiveness Office  at  Red  River  Army 
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Refurbishing  the  Army’s  Real 


By  Brigadier  General  Donald  G.  Weinert,  USA  (Ret,) 
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Property  Management  System 


The  findings  presented  in  a recently  completed  Army  study  are  shaping 
the  mold  from  which  a modernized  real  property  management  structure 
may  soon  be  cast. 


The  operations  and  maintenance  of  real  property  is 
one  of  the  Army’s  most  pressing  management  chal- 
lenges. Presently,  there  are  more  than  300  Army  installa- 
tions and  1,000  Army  Reserve  facilities  worldwide. 
Their  total  replacement  value  is  roughly  $80  billion.  The 
money  spent  on  their  operations  and  maintenance  and  on 
new  construction  represents  nearly  12  percent  of  the 
Army’s  annual  dollar  outlay.  Certainly,  the  efficient  op- 
erations and  maintenance  of  the  Army’s  real  property  is  a 
management  area  deserving  of  the  renewed  attention  it  is 
getting. 

It  is  no  secret  that  the  operations  and  maintenance 
workload  at  Army  installations  is  outpacing  available 
manpower  and  money  needed  to  meet  it.  A major  chal- 
lenge, then,  is  getting  maximum  productivity  from  each 
available  resource. 

In  1968,  then  Lieutenant  General  L.J.  Lincoln  analyzed 
Army  installation  operations  and  maintenance  activities. 
His  recommendations  led  to  a more  streamlined  real  prop- 
erty management  structure.  Now,  Lieutenant  General 
J.W.  Morris,  Chief  of  Engineers,  wants  to  further  im- 
prove real  property  management  over  the  next  ten  years. 
He  recently  sponsored  a Department  of  the  Army  study 
designed  to  determine  the  effectiveness  of  ongoing  prac- 
tices and  to  find  ways  to  stretch  the  O&M  dollar,  expand 
the  installation  commander’s  control  of  O&M  activities, 
and  strengthen  the  relationship  between  the  command 
structure  and  the  technical  management  structure  so  as  to 
improve  engineering  support.  The  study  also  examined 
real  property  management  systems  used  by  the  other  ser- 
vices, Government  agencies,  and  industry.  The  strengths 
of  these  systems  were  identified  for  possible  adoption  by 
the  Army. 

In  evaluating  the  Army’s  real  property  management 
program,  the  study  group  visited  14  installations  and 
the  headquarters  of  the  Army’s  six  major  commands. 
Members  of  the  study  group  repeatedly  witnessed  how 
the  sophistication  of  new  facilities  generates  added 
O&M  requirements  at  a time  when  resources  are  getting 
scarcer.  Other  increases  in  workload  requirements  were 
seen  as  stemming  from  having  to  comply  with  energy 
conservation  policies,  environmental  legislation. 


and  Occupational  Safety  and  Health  Act  provisions. 

The  gathered  information  was  evaluated  by  an  inter- 
disciplinary group  which  included  former  facilities  en- 
gineers, a former  executive  officer  of  the  Office  of  the 
Secretary  of  Defense,  a comptroller,  and  research  analysts. 
Descriptions  of  the  various  real  property  management 
systems  used  by  the  Army’s  major  commands  were 
bound  into  a reference  compendium. 

Among  the  positive  features  common  to  most  of  the 
installations  studied  were: 

• Increased  use  of  modernized  equipment. 

• Aggressive  programs  to  reduce  maintenance  back- 
log. 

• Imaginative  customer  relations. 

• Highly  capable  personnel  in  real  property  main- 
tenance disciplines. 

• High  personnel  morale. 

Among  the  negative  features  were: 

• Excessive  paperwork  for  maintenance  actions. 

• Inadequate  monitoring  of  contracted  work. 

• Aged  work  force. 

• Frequent  repairs  on  newly  constructed  facilities. 

• Inordinate  time  lags  in  personnel  recruitment. 

• Limited  authority  to  buy  supplies  and  contract  out. 

Study  findings  revealed  the  growing  complexity  of 
operations  and  maintenance  management  at  the  installation 
level.  They  also  highlighted  the  role  of  the  facilities 
engineer  who  not  only  orchestrates  an  installation’s 
O&M  actions,  but  also  plans  and  initiates  construction  of 
new  facilities  and  the  disposal  of  unneeded  ones.  As 
such,  his  responsibilities  encompass  all  aspects  of  real 
property  management,  not  just  the  maintenance  of  it.  He 
is  the  major  figure  in  the  Army’s  real  property  manage- 
ment structure  (see  Figure  1).  Collectively,  the  facilities 
engineer’s  responsibilities  are  referred  to  as  real  prop- 
erty maintenance  activities  (RPMA),  even  though  these 
activities  include  such  quasi-maintenance  areas  as  fire- 
fighting operations,  sanitation  services,  and  pest  control. 

The  study  group  issued  163  recommendations  whose 
implementation  will  be  spearheaded  by  the  Directorate 
of  Military  Programs  in  the  Office,  Chief  of  Engineers. 
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Although  some  recommendations  received  consen- 
sus approval,  such  as  the  one  calling  for  a reduction 
in  the  amount  of  paperwork  a facilities  engineer  must 
complete,  others  generated  considerable  debate.  One  of 
the  conroversial  proposals  addressed  the  current  practice 
of  burying  RPMA  resource  requirements  in  an  amorphous 
block  of  requirements  labeled  base  operations.  The  study 
recommendation  calls  for  a separate  administrative  program 
for  real  property  maintenance  activities  to  be  a part  of 
the  Army  appropriation  for  operations  and  maintenance. 
This  proposal  could  well  be  a precursor  to  the  earmarking 
of  RPMA  dollars  in  all  appropriations.  Coinciding  with 
this  recommendation,  the  Office  of  the  Secretary  of  De- 
fense has  announced  that  it  will  soon  direct  all  services 
to  use  separate  Five-Year  Defense  Plan  program  elements 
for  RPMA. 

Another  recommendation  stirring  debate  calls  for  the 
immediate  use  of  minicomputers  by  facilities  engineers. 
The  study  group  contends  that  the  computers  will  sub- 
stantially enhance  real  property  management.  However, 
there  is  approval  pending  on  a policy  draft  which,  if 
adopted,  would  require  all  new  hardware  and  software 
to  be  standardized  so  as  to  be  compatible  with  future 
Army-wide  automated  data  processing  systems.  For 
now,  this  stands  in  the  way  of  rapid  adoption  of  the  mini- 
computer proposal. 

In  a move  to  promote  responsiveness  and  efficiency, 
the  study  group  recommended  giving  maximum  Con- 
tracting Officer  Representative  authority  to  installation 
facilities  engineers.  This  authority,  primarily  for  the  pur- 
chase of  supplies  and  minor  services,  is  to  be  delegated 
through  the  installation  procurement  office.  Some  instal- 
lation procurement  offices  have  a standing  practice  of 
issuing  $1,500  blanket  purchase  agreement  authority  to 
the  facilities  engineer,  while  others  require  him  to  process 


requisitions  for  every  action.  It  is  believed  that  the  latter 
offices  would  delegate  this  authority  with  great  reluc- 
tance, and  the  Deputy  Chief  of  Staff  for  Logistics  may 
well  have  to  sort  out  the  pros  and  cons  of  this  recommen- 
dation. 

Proposals  were  made  concerning  consolidations  and 
inter-service  support  agreements.  A consolidation  occurs 
when  real  property  management  functions  of  one  or  more 
services  are  combined  within  a geographic  region.  This 
is  currently  practiced  in  Hawaii  by  the  Army  and  Air 
Force.  Inter-service  support  agreements,  on  the  other 
hand,  are  contractual  arrangements  for  one  service  to 
supplement  its  own  resources  with  the  resources  of  another 
service.  The  study  group’s  proposal  outlines  a policy 
directing  installations  to  periodically  evaluate  the  economic 
and  operational  feasibility  of  consolidations  and  inter- 
service agreements,  and  to  initiate  them  where  justified. 
The  study  group  recommended  that  a regulation  estab- 
lishing guidance  for  these  actions  be  published  by  Sep- 
tember 1979. 

Study  findings  emphasized  that  operations  and  main- 
tenance costs  of  a facility  or  structure  exceed  the  cost 
of  construction.  One  proposal  to  help  hold  down  O&M 
costs  is  to  move  away  from  the  walk-away  construction 
contracts,  and  replace  them  with  contracts  requiring  the 
builder  to  operate  the  facility  for  a specified  shakedown 
period.  Another  proposal,  intended  to  promote  greater 
emphasis  on  O&M  considerations  during  design,  gives 
the  users  and  those  with  O&M  responsibilities  a greater 
role  in  design. 

The  expanded  design  role  for  the  facilities  engineer 
and  his  personnel  is  part  of  a total  package  to  make 
better  use  of  practical  experience.  His  role  would  be  fur- 
ther expanded  by  converting  some  of  the  50,000  O&M 
craftsman  positions  into  managerial  positions.  This  re- 
quires a dedicated  response  from  civilian  personnel 
classifiers.  Proposals  related  to  this  issue  have  already 
stimulated  dialogue  focusing  on  the  key  role  personnel 
officers  will  have  to  play  if  these  proposals  are  to  be  im- 
plemented. Indeed,  the  cooperation  of  civilian  personnel 
offices  will  be  one  of  the  most  important  factors  in  up- 
grading the  real  property  management  capability  at  instal- 
lations. New  staffing  guidelines,  coupled  with  representa- 
tive job  descriptions  for  key  positions,  are  expected  to  give 
local  personnel  offices  the  necessary  latitude  to  carry  out 
their  part  of  the  strategy.  The  creation  of  new  managerial 
positions  should  give  the  facilities  engineer  a better  re- 
source management  capability  to  plan,  program,  super- 
vise, and  inspect.  He  can  devote  staff  energies  to  super- 
vising contract  performance  and  thus  use  contract  resources 
to  a greater  extent. 

Some  Department  of  the  Army  officials  contend  that 
although  facilities  engineers  seem  well  aware  of  manage- 
rial staff  shortfalls,  they  continue  to  use  manpower  au- 
thorizations to  fill  craftsman  positions  at  the  expense  of 
management  positions.  It  is  believed  that  this  perpetuates 
a reluctance  to  use  contract  resources  because  the  facili- 
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ties  engineer  is  left  without  an  adequate  staff  to  assess 
the  contractor  capabilities,  specify  contractor  performance 
levels,  and  inspect  contractor  work. 

To  remedy  this  staff  deficiency,  it  is  recommended  that 
there  be  specified  authorizations  for  management  posi- 
tions. Action  has  already  been  taken  on  a proposal  to 
specify  functions  that  will  not  be  performed  in-house 
without  a supportive  and  auditable  cost  analysis  and 
major  command  approval.  Cost  effectiveness  of  contract 
work  will  be  determined  on  a case-by-case  basis  within 
guidelines  established  by  the  Office  of  Management  and 
Budget. 

There  is  reason  to  believe  that  more  contracting  is 
needed.  The  need  is  evidenced  by  the  backlog  of  main- 
tenance and  repair,  currently  estimated  at  more  than  one 
billion  dollars.  There  is  no  indication  that  the  backlog 
has  affected  the  Army’s  principal  mission,  but  the  backlog 
and  the  increasing  workload  portend  serious  trouble  should 
nothing  be  done  to  alleviate  the  situation. 

The  contract  option  did  generate  controversial  discus- 
sion. Some  study  group  members  argued  that  the  installa- 
tion commander  would  have  less  control  with  predom- 
inately contract  O&M.  Others  questioned  the  depend- 
ability of  contract  workers  in  time  of  crisis  or  emergency. 
In  arriving  at  the  recommendation  for  increased  con- 


tracting, the  study  group  kept  in  mind  that  the  expansion 
of  operations  and  facilities  at  U.S.  bases  in  peace  and 
war  is  achieved  primarily  through  contracting.  As  for  the 
commander’s  control  in  emergency  situations,  facilities 
engineers  at  most  overseas  installations  rely  on  contrac- 
tor personnel  and  local  nationals.  So,  by  comparison  and 
demonstration,  it  seems  reasonable  to  believe  that  state- 
side contractor  personnel  can  be  relied  on  during  crisis. 

Though  small  in-house  contingents  are  required  for 
emergencies,  a full  conversion  to  contracting  all  rather 
than  selected  O&M  functions  is  feasible  from  a manage- 
rial standpoint.  The  extent  of  the  proposed  conversion  to 
contracting  O&M  services  should  be  clearer  in  July  1979, 
the  target  date  for  publishing  new  real  property  manage- 
ment contract  plans  and  policies. 

For  now,  the  possibility  of  creating  the  position  of 
liaison  officer  to  provide  direct  support  to  installation 
and  major  command  headquarters  is  being  considered. 
This  officer  would  have  a single  point  contact  at  installa- 
tions and  would  assist  in  resolving  in-house  and  contract- 
related  engineering  problems  associated  with  real  property 
management  actions  and  military  construction.  While  this 
consideration  is  being  weighed,  the  Chief  of  Engineers  is 
moving  to  have  supporting  engineer  districts  provide 
stronger  backup  to  installations.  He  will  authorize  funding 
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and  manpower  for  the  districts  to  allow  them  to  offer  more 
direct  assistance  to  the  facilities  engineer. 

Among  the  key  proposals  being  implemented  are  those 
involving  adjustments  in  the  programming,  planning, 
and  budgeting  system.  Herein  lies  the  path  to  improved 
linkages  between  the  command  structure  and  the  technical 
management  structure.  The  facilities  engineer  has  had  to 
draw  from  the  base’s  annual  operating  resources  in  per- 
forming current  and  long-range  real  property  manage- 
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Figure  2. 
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ment  functions.  Command  decisions  at  some  installations 
have  not  always  taken  into  account  long-term  RPMA.  It  is 
a problem  which  can  be  corrected  by  placing  technical 
management  more  into  the  decision-making  mainstream 
and  by  giving  RPMA  more  visibility  in  the  programming, 
planning,  and  budgeting  system.  This  will  be  accomplished 
by  establishing  a separate  real  property  management 
program  element  in  the  Five-Year  Defense  Plan  and  a 
separate  program  element  in  the  Army  appropriation  for 
operations  and  maintenance.  These  initiatives  will  en- 
courage commanders  and  program  directors  to  give  care- 
ful consideration  to  short-  and  long-term  RPMA  require- 
ments during  planning,  programming,  and  budgeting. 
The  existence  of  real  property  management  elements  in 
the  OMA  allows  the  facilities  engineer  to  establish  and 
better  defend  a consolidated  program  that  encompasses 
RPMA,  military  construction,  real  estate  and  family 
housing. 

In  further  improving  the  articulation  of  requirements, 
many  requirements  will  be  categorized  as  being  either 
base-level  or  priority-level.  The  base-level  requirements 
are  those  necessary  to  maintain  readiness  and  the  quality 
of  life  at  an  installation  at  an  acceptable  level.  Priority- 
level  requirements  are  those  necessary  to  meet  the  major 
command  and  Department  of  Army  mission  demands. 
Such  categorization  should  help  managers  defend  budget 
requests  under  zero-base  budgeting  (see  Figure  2). 

The  study  group  examined  the  Army  Industrial  Fund 
cost  accounting  and  fiscal  management  as  practiced  at 
some  U.S.  Army  Materiel  Development  and  Readiness 
Command  installations.  The  advantages  were  often  negated 
by  disincentives,  sufficient  to  invite  caution  in  expanding 
use  of  industrial  funding  for  RPMA  to  other  major  com- 
mands. At  the  industrial  installations,  for  example,  com- 
manders are  encouraged  to  produce  items  or  services  at 
the  lowest  possible  cost.  This  forces  them  to  constrain 
overhead  to  the  maximum  extent  possible,  and  long-range 
RPMA  investments  tend  to  suffer  as  a result.  Though  the 
Army  Industrial  Fund  concept  supported  competition  in 
industrial  operations,  its  theoretical  advantages  when 
applied  to  other  types  of  real  property  management  were 
found  wanting. 

Clearly,  this  study  effort  reflects  the  Army’s  firm 
commitment  to  strengthening  its  real  property  manage- 
ment system.  Already,  a handful  of  the  study  group’s 
163  recommendations  has  been  implemented,  and  it  ap- 
pears quite  certain  that  adoption  of  a number  of  the  re- 
maining ones  will  follow  after  further  evaluation  and  dis- 
cussion. Certainly,  the  groundwork  has  been  laid  for 
improved  real  property  management  over  the  next  decade. 

PjVLj 
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By  Ronald  D.  Daniel 


Laying  the  Groundwork 

For  Retooling 
The  Software  Factory 


The  U.S,  Army  Computer  Systems  Command  is  trying  to 
improve  its  software  reliability  by  freeing  its  programmers 
and  analysts  from  dull,  repetitive  tasks  and  allowing  them 
to  concentrate  on  the  more  intriguing  problems  of  software 

production. 


Faced  with  rising  programmer 
costs  and  declining  hardware 
costs,  the  United  States  Army  com- 
puter Systems  Command  resolved  in 
late  1975  to  apply  the  “software  fac- 
tory” concept  to  the  development, 
design,  and  maintenance  of  manage- 
ment information  systems.  In  effect, 
the  Command  decided  to  use  its  com- 
puter resources  to  automate  the  manual 
tasks  associated  with  developing  soft- 
ware, thereby  lowering  costs  by  sub- 
stituting a cheaper  resource  for  a more 
expensive  one.  The  hope  was  that  soft- 
ware reliability  could  be  improved 
by  freeing  programmers  and  analysts 
from  dull,  repetitive  tasks  and  allowing 
them  to  concentrate  on  the  more  chal- 


lenging problems  of  software  produc- 
tion. 

The  project  is  now  at  the  point  where 
the  software  tools  required  to  achieve 
this  objective  have  been  determined. 
The  process  of  identifying  these  tools 
yielded  some  unexpected  by-products 
and  a few  noteworthy  lessons  on  how 
to  retool  a software  factory. 

Approach 

The  first  step  of  the  project  was 
defining  an  approach  that  would  best 
achieve  the  goal.  An  examination  of 
similar  projects  revealed  three  major 
factors  that  had  not  been  addressed: 

• Most  producers  of  software  al- 
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ready  have  a considerable  investment 
in  resources  and  personnel  that  together 
form  a rudimentary  software  factory. 
These  tools  represent  a significant 
investment  and  should  be  incorporated 
into  any  plans  for  a new  software  fac- 
tory. 

• A project  of  this  nature  could 
continue  indefinitely  unless  the  scope 
is  clearly  delineated,  with  technical 


and  cost  restraints  stated  and  enforced. 

• The  rapidly  changing  technology 
of  computer  software  tends  to  overtake 
such  projects,  making  them  obsolete 
before  completion. 

In  an  effort  to  avoid  these  problems, 
an  approach  of  planned  retooling  was 
taken.  This  offered  a way  to  gain  maxi- 
mum use  of  the  existing  software  base 
and  to  keep  disruptions  of  the  produc- 
tion environment  to  a minimum.  The 
scope  of  the  project  was  limited  to  the 


portion  of  the  system  life  cycle  from 
receipt  specifications  through  systems 
testing.  Only  current  technology  was 
to  be  considered,  and  all  processes 
ancillary  to  software  development 
were  excluded. 

The  task  was  divided  into  two  phases: 
identifying  the  software  tools  that 
comprise  a state-of-the-art  software 
factory;  and  comparing  the  existing 
software  factory  to  the  state  of  the  art 


described  in  the  first  phase.  This  ap- 
proach provided  a target  within  current 
technology  and  a means  to  phase  the 
acquisition  and  implementation  of  new 
software  tools. 

The  Project 

Begun  in  March  1976,  the  project 
proceeded  as  follows: 


• Familiarization  with  the  organi- 
zation and  refinement  of  a study  meth- 
odology. 

• Review  of  Army  and  Computer 
Systems  Command  literature  describing 
the  mission  and  procedures. 

• Formal  interviews  with  managers, 
programmers,  and  analysts. 

• Collation  and  evaluation  of  ma- 
terials. 

• Definition  of  an  optimal  software 
factory. 


It  quickly  became  apparent  that  the 
concept  for  an  ideal  software  factory 
would  be  more  useful  if  it  were  slanted 
toward  the  mission  of  the  Computer 
Systems  Command  rather  than  that  of 
some  hypothetical  software  developer. 
With  this  change,  the  project’s  two 
phases  became  blurred.  Defining  the 
ideal  software  factory  to  accomplish 
the  organization’s  activities  required 
a description  of  those  activities.  Infor- 


mation about  the  formal  system  had  al- 
ready been  obtained  through  the  litera- 
ture review,  but  determination  of  how 
the  software  factory  was  actually  func- 
tioning required  talking  to  the  people 
doing  the  work.  It  was  decided  that 
one  interview  format  would  be  devised 
to  gather  the  necessary  information. 

The  interviews  were  designed  to 
glean  information  about  procedures, 
existing  tools,  and  areas  needing  im- 
provement. A list  of  tools,  compiled 
from  earlier  projects  of  this  nature, 
provided  consistency  to  the  interviewing 
and  ensured  that  all  phases  of  the  soft- 
ware production  process  were  discussed. 
The  information  was  then  analyzed  to 
determine  the  ideal  software  factory 
for  the  Computer  Systems  Command. 

Although  it  is  designed  to  work  as 
an  integrated  system,  this  ideal  software 
factory  can  be  broken  into  three  main 
divisions: 

• A control  and  coordination  divi- 
sion to  handle  such  system  management 
tasks  as  controlling  access  to  facilities, 
providing  a communications  network, 
and  gathering  and  maintaining  statistics 
on  usage. 

• A design  and  construction  division 
to  provide  support  for  system  design, 
development,  and  maintenance,  and 
to  perform  such  tasks  as  the  generation 
and  maintenance  of  control  documenta- 
tion, the  verification  of  structural 
consistency  between  levels  of  require- 
ments and  design  decomposition,  and 
the  monitoring  of  consistency  between 
code  and  documentation  when  changes 
are  implemented. 

• A test  and  evaluation  division 
to  edit  and  format  test  plans,  generate 
mass  data  for  system  testing,  and  assist 
in  the  preparation  of  special-case  test 
data. 

Once  the  target  system  was  described, 
a more  complete  documentation  of  the 
existing  system  was  begun.  The  inter- 
view schedule  was  stepped  up,  and 
data  being  collected  were  arranged 
into  a suitable  form.  Each  piece  of 
support  software  (tools  and  utilities) 
was  described  in  terms  of  its  function, 
users,  and  origin.  The  tools  identified 
in  this  way  were  classed  by  function 
and  by  the  phase  of  the  software  pro- 
duction process  in  which  they  were 
used.  The  functions  performed  by  the 
ideal  software  factory  were  then  com- 


^ ^ Most  producers  of  software  already  have  a 
considerable  investment  in  resources  and  person- 
nel that  together  form  a rudimentary  software 
factory.  These  tools  represent  a significant  in- 
vestment and  should  be  incorporated  into  any 
plans  for  a new  software  factory.^  ^ 


^ ^ Additionally,  tools  and  component  inter- 
facing must  receive  a great  deal  of  emphasis  ear- 
ly in  the  project.  Certainly  the  long  lead  time 
associated  with  a retooling  project  makes  it 
imperative  that  steps  be  taken  to  prevent  the 
product  from  becoming  obsolete  before  it  is 
completed.^  ^ 
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Thirteen  Principal  1 

'ools  for  Upgrading  the  Army's  Software  Factory 

Tool 

r 

Function 

Integrated  Library 
System 

Provides  integrated  means  for  storing,  retrieving, 
and  manipulating  source  code,  documentation, 
and  design  statements. 

Metacompiler 

Translates  COBOL  source  code  into  functionally 
equivalent  source  code  for  various  computer 
environments. 

Test  Data 
Formatter 

Interactively  supports  the  development  of  special- 
purpose  test  data  by  conversationally  eliciting 
file  and  element  descriptions,  control  data,  etc. 

Archiver 

Controls  the  selection  and  movement  of 
integrated  library  system  data  to  off-line  storage. 

Auditor 

Supports  maintenance  of  data  for  a functional 
configuration  audit. 

Design  Language 

Supports  system  design  by  providing  a disciplined 
way  to  communicate  system-design  specifications. 

Requirements  Spec- 
ification Language 

Supports  via  formal  language  the  transmission  of 
system  requirements  between  users  and  designers. 

Data  Base  Analyzer 

Analyzes  source  code  for  semantic  and  syntactical 
errors  not  examined  by  the  compiler. 

Decision  Path 
Flowcharter 

Produces  a graphic  image  of  a system's  decision 
linkage. 

Conversational 

Assistance 

Provides  English-language  diagnostics  rather  than 
the  error  numbers  now  furnished. 

Mailbox 

Provides  for  flexible  communication  between 
users  on  the  interactive  system. 

Documentation 
Analysis  Program 

Interactively  provides  standardized  formats  and 
monitoring  of  system  documentation. 

Test  Script 
Generator 

Scans  source  code  and  automatically  extracts 
information  on  operational  interface  to  generate 
operational  test  scripts. 

pared  to  those  being  performed  by 
the  present  system.  Thirteen  tools 
were  identified  that  would  upgrade  the 
current  software  factory  to  a point 
consistent  with  the  goal  of  the  project 
(see  figure). 

Before  tools  could  be  developed  or 
acquired,  though,  a plan  had  to  be 
developed  to  ensure  that  all  of  the 
independently  developed  pieces  of  the 
system  would  properly  interface  and 
work  as  a unit.  The  tools  were  ranked 
by  need  within  the  organization  and 
each  was  given  a functional  description. 
This  description  included  a statement 
of  interfaces  and  interdependencies, 
integration  implications,  and  advantages 
over  the  existing  system.  This  phase 
was  completed  in  October  1976. 

Analysis  of  these  13  tools  showed 
that  as  the  mission  and  organization 
of  the  Computer  Systems  Command 
evolved,  new  tools  might  be  required 
or  the  desired  order  of  tool  acquisition 
might  have  to  be  altered.  To  address 
these  possibilities,  the  project  plan 
calls  for  in-process  reviews  to  reevaluate 
the  need  for  and  the  most  desirable 
order  of  tool  acquisition.  The  plan 
also  addresses  the  interface  between 
new  and  existing  tools,  the  identification 
and  location  of  off-the-shelf  tools,  the 
development  of  complete  specifications 
for  tools  to  be  developed  in-house, 
and  the  introduction  of  tools  to  the 
existing  production  environment. 
Under  this  plan,  the  need  for  an  abbre- 
viated core  dump  to  reduce  machine 
and  programmer  time  spent  in  debugging 
was  identified.  Because  of  the  simplicity 
and  low  cost  of  such  a tool,  it  was  first 
on  the  list  of  tools  to  be  acquired.  Speci- 
fications were  developed,  and  the  tool 
was  acquired  and  integrated  into  the 
system.  Acquisition  of  the  more  com- 
plex tools  found  on  the  original  list  is 
now  under  way.  These  actions  are 
scheduled  for  completion  by  December 
1979. 

By-products 

Through  interviews  with  production 
programmers,  analysts,  and  managers 
it  was  discovered  that  many  software 
capabilities  existed  within  the  organi- 
zation, but  were  not  being  exercised. 
This  was  attributable  to  three  factors: 

• When  the  need  for  a capability 
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existed  in  a project,  a programmer  they  were  acquired.  Often  the  people 
working  on  that  project  often  would  using  the  tool  were  unaware  of  its  other 
develop  a tool  to  satisfy  that  need.  uses. 


^ ^ In  effect,  the  Command  decided  to  use  its 
computer  resources  to  automate  the  manual 
tasks  associated  with  developing  software, 
thereby  lowering  costs  by  substituting  a cheaper 
resource  for  a more  expensive  one.^  ^ 


These  tools  remained  exclusively  in 
that  project  and  were  never  incorporated 
into  the  official  documentation  of  the 
support  software  base. 

• In  the  past,  many  software  tools 
that  could  have  been  used  to  perform 
a variety  of  functions  were  being  used 
only  for  the  parochial  purpose  for  which 


• In  many  cases,  available  tools 
were  not  being  used  because  instructions 
for  their  use  were  not  accessible,  or 
because  the  user  was  unaware  of  the 
tools’  proper  interface  with  other  tools. 

The  discovery  of  tool  capabilities 
that  were  not  being  exercised  increased 
the  potential  efficiency  of  the  existing 
software  factory  and  reduced  the  need 
to  acquire  new  software  tools.  Benefits 
also  resulted  when  the  descriptions  of 
existing  software  factory  components 
were  consolidated  into  one  document, 
providing  an  index  of  software  tools 
that  could  help  production  personnel 
determine  the  availability  of  such  tools. 
Previously,  a search  of  internal  docu- 


mentation and  vendor  manuals  was 
needed  to  determine  what  tools  were 
available. 

Conclusions 

Problems  created  by  nonstandard 
hardware,  operating  system  differences 
and  multiple  programming  languages 
tend  to  limit  the  applicability  of  much 
of  the  information  gained  in  the  course 
of  this  project;  however,  some  conclu- 
sions about  planning  and  designing 
such  a project  can  be  drawn. 

Any  attempt  to  introduce  software 
factory  concepts  into  an  already-func- 
tioning shop  must  include  consideration 
of  the  base  of  support  for  software 
tools  presently  in  place.  These  tools 
represent  a significant  investment  and 
must  be  incorporated  into  any  plans  for 
a new  software  factory. 

A project’s  objective  and  scope  must 
be  clearly  stated  and  the  goals  pursued 
with  minimal  digression. 

The  in-place  software  factory  is 
often  inadequately  documented.  Re- 
tooling the  software  factory  requires 
documenting  the  existing  system. 

Additionally,  tools  and  component 
interfacing  must  receive  a great  deal  of 
emphasis  early  in  the  project.  Certainly 
the  long  lead  time  associated  with  a 
retooling  project  makes  it  imperative 
that  steps  be  taken  to  prevent  the  product 
from  becoming  obsolete  before  it  is 
completed.  These  steps  vary  with  the 
nature  of  the  project,  but  generally 
include  targeting  the  project  at  a point 
just  within  the  state  of  the  art,  reviewing 
organizational  plans  to  ensure  a con- 
tinuing need  for  the  tools,  and  realizing 
that  the  perfect  software  tool  seldom 
gets  past  the  design  stage.  DJV|J 


RONALD  D.  DANIEL  was  a Com- 
puter Specialist  for  the  Executive  Soft- 
ware Requirements  and  Control  Office 
of  the  U.S.  Army  Computer  Systems 
Command,  Ft.  Belvoir,  Virginia,  when 
this  article  was  prepared.  He  is  currently 
employed  in  a similar  capacity  by  the 
Defense  Investigative  Service  in 
Washington,  DC. 
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One  More  Time 

SIR:  It  happens  over  here  tool  As 
a British  reader  of  DMJ  who  has 
only  just  seen  the  May  issue,  I 
should  like  to  add  to  the  cor- 
respondence about  wenches 
and  winches. 

Many  years  ago,  the  British 
Patent  Office  published  an  in- 
dex to  its  classification  system 
which  contained  the  memorable 
entry  ‘screwing  wenches.’  In 
this  case,  of  course,  the  of- 
fending term  was  ‘wrench’  not 
‘winch.’ 

This  had  one  useful  effect.  It 
ensured  that  the  Examiners 
checked  the  new  index  carefully 
in  the  hope  of  finding  other 
similar  errors.  In  this  they  were 
unsuccessful,  but  they  spotted 
a number  of  other  errors. 

G.W.  HART 
Defense  Research  In- 
formation Center 
Orpington,  England 


What  Price  for  Quality? 

SIR:  Mr.  Bauder’s  article,  “Quali- 
ty at  What  Price”  (July  1978  DMJ), 
addresses  a question  everyone  in 
business  and  government 
wrestles  with,  answering  it  with 
varying  degrees  of  success.  The 


DoD  difficulty  in  contracting  for 
quality  is  not  really  much  dif- 
ferent than  that  of  industry’s  pro- 
curing its  material  from  a myriad 
of  suppliers.  It’s  very  difficult. 

His  description  of  how  contrac- 
tors dealing  solely  in  the  commer- 
cial marketplace  determine  quali- 
ty level  is  only  theoretically  ac- 
curate. The  auto  companies  try  to 
establish  this  optimum  level. 
They  frequently  fail.  Millions  of 
cars  have  been  recalled  for 
unintentional  serious  defects. 
There  is  no  evidence  that  anyone 
can  assure  continuous,  defect- 
free  (complex)  products.  The 
dynamics  of  the  industrial  pro- 
cess present  too  many  variables 
for  consistent  control.  More 
money  spent  on  the  problem 
delivers  diminishing  returns. 
Similar  variables  exist  in  the 
Defense  Contract  Agency  quality 
system  that  limit  its  total  effec- 
tiveness. 

Mr.  Bauder’s  final  paragraph 
seems  to  state  the  essence  of  his 
article,  that  “Many  management 
(DoD)  actions  being  taken  may 
ultimately  compromise  the  quali- 
ty of  defense  hardware.”  This 
assumes  that  prior  systems  were 
effective  and  that  a change,  or 
anything  less,  will  reduce  hard- 
ware quality.  Evidence  to  support 
this  argument  is  not  presented. 

Regardless  of  the  controls  im- 
posed, quality  ultimately  and 
primarily  depends  on  the  ability. 


integrity,  and  pride  of  the  con- 
tractor. This  may  be  difficult  to 
accept,  but  contemporary 
history  is  abundant  with  ex- 
amples of  the  abject  failure  of 
combining  competence  and 
money  to  solve  complex 
dynamic  problems.  We  can 
reflect  on  the  fact  that  in  spite  of 
the  billions  spent  on  research 
and  treatment,  the  longevity  of 
the  white  male,  over  40,  has  not 
increased  significantly  in  the 
last  50  years. 

I agree  with  the  author  that  it 
would  be  better  to  establish  at- 
tainable goals  in  place  of  ex- 
pected zero  defects.  The 
essence  of  effective  quality 
assurance  is  the  use  of  human 
intelligence  in  decision  making 
based  on  adequate  objective 
evidence.  We  often  don’t  have 
this  ideal  condition.  When  we 
don’t,  we  depend  on  judgment. 
This  implies  occasional  error.  I 
do  believe  that  a MIL-Q-9858A  or 
MIL-l-45208  quality  system,  with 
realistic  acceptable  quality 
levels  is  an  attainable  goal  and 
one  which  can  be  effectively 
monitored  by  the  government 
using  surveillance  control. 

T.J.  CARTIN 

Dir.,  Federal  Systems 
Group  Quality  As- 
surance 

Sanders  Associates, 
Inc. 

Nashua,  NH 
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Automated  Office  System 
To  Get  Trial  Run 

The  Rome  Air  Development 
Center,  Griffiss  Air  Force  Base, 
New  York,  has  initiated  a word- 
and  data-processing  program 
that  will  allow  employees  to  pro- 
cess information  and  com- 
municate with  each  other  elec- 
tronically. When  the  test  pro- 
gram is  implemented,  selected 
RADC  employees  will  use  video- 
display terminals,  consisting  of 
a typewriter  keyboard,  linked  to 
a central  computer,  and  a view- 
ing screen  to  electronically  ac- 
complish a wide  variety  of 
duties  that  previously  required 
reams  of  paper. 

The  project  coordinators  are 
currently  identifying  the  func- 
tional needs  of  the  various 
RADC  offices  to  determine  what 
activities  the  system  will  handle. 
Possible  considerations  are 
direct  communications,  arith- 
metic calculating,  correspon- 
dence coordination,  file  man- 
agement, personnel  program- 
ming, and  on-line  access  to  data 
bases.  The  system  will  also 
interface  with  a nationwide  com- 
puter network,  greatly  expand- 
ing the  data  base  available  to  the 
engineers. 

After  the  functional  needs  are 
determined,  approximately  15 
terminals  will  be  installed  at 
Griffiss  and  at  Hanscom  AFB, 
Massachusetts.  Following  in- 
itial implementation,  the  next 
phase  will  be  to  automate  all  of 
the  branches  and  section  of- 
fices at  RADC.  This  should  re- 
quire 200  additional  terminals. 


If  the  RADC  model  is  suc- 
cessful, the  concept  will  be  ex- 
tended to  the  other  12  research 
and  development  laboratories 
operating  under  the  Air  Force 
Systems  Command’s  direc- 
torate of  laboratories. 


Navy  Aircraft  Get 
Night  Vision  Devices 

The  Navy  has  received  the 
first  models  of  the  A-7E  Corsair 
II  aircraft  retrofitted  with  a 
Forward-Looking  Infrared 
Receiver,  a new  sensor  system 
that  enables  the  pilot  to  see 
ships,  land  vehicles,  installa- 
tions, geographical  features  and 
other  objects  at  night  and  in 
total  darkness.  A display  unit 
reveals  images  of  objects  and 
potential  targets  which  are  more 
revealing  than  those  presented 
by  a conventional  radar  system. 

A forward-looking  infrared 
heat-measuring  sensor  is 
housed  in  a pod  carried  on  one 
of  the  aircraft’s  six  wing  pylons. 
These  pods  can  be  rotated  be- 
tween aircraft  by  simply  at- 
taching the  pod  to  the  selected 
aircraft’s  pylon.  The  sensor  is 
linked  to  the  A-7E  precision- 
navigation  and  weapons-deliv- 
ery  system  and  provides  a 
magnified  view  projected  on  the 
pilot’s  display  unit  in  the 
cockpit.  The  system  has  provi- 
sions for  a video  recorder  which 
can  play  back  the  infrared  im- 
agery attained  during  a flight. 
Following  a mission,  in- 


telligence officers  can  study 
this  imagery. 

The  system  permits  the  pilot 
to  detect  and  identify  ships  at  a 
sufficient  distance  at  sea  for  a 
first-pass  attack.  The  system  is 
capable  of  portraying  in  mag- 
nified form  details  not  visible  to 
the  pilot’s  naked  eye,  such  as 
the  fuel  levels  in  field-storage 
tanks.  Since  1972,  more  than  250 
test  flights  of  preproduction 
models  have  proven  the  perfor- 
mance, accuracy  and  effec- 
tiveness of  the  system.  Plans 
call  for  340  infrared  receivers  to 
be  installed  on  A-7Es  during  the 
next  five  years. 


Outstanding  Army 
ROTC  Graduate 

Second  Lieutenant  William  H. 
Ibbotson,  a graduate  from  Texas 
A&M  University,  has  won  the 
Hughes  Trophy  Award  as  the 
outstanding  Army  ROTC 
graduate  of  1977.  He  was 
selected  from  more  than  5,000 
Army  ROTC  graduates  for  his 
outstanding  leadership  and 
scholastic  achievements.  A re- 
cipient of  numerous  honors  and 
awards,  Lt.  Ibbotson,  a 
Distinguished  Military  Graduate, 
had  previously  earned  a three- 
year  ROTC  scholarship  and  a 
two-year  Army  graduate 
fellowship.  He  was  selected  for 
membership  in  several  scholas- 
tic honorary  societies,  grad- 
uated magna  cum  laude,  and 
was  listed  in  the  1977  edition  of 
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Who’s  Who  Among  Students  in 
American  Coiieges  and  Univer- 
sities. Lt.  Ibbotson  is  currently 
serving  in  the  6th  Battalion,  14th 
Field  Artillery  in  Germany.  This 
is  the  14th  year  the  award  has 
been  presented. 


Army  Undertakes 
Water  Clean  Up 

The  Army  has  instituted  a 
pilot  project  to  contain  and 
remove  various  toxic  materials 
from  contaminated  ground 
water  at  the  Rocky  Mountain 
Arsenal  near  Denver,  Colorado. 

The  granular,  activated- 
carbon  purifying  system  con- 
sists of  a 1,500-foot-long  under- 
ground water  barrier  placed 
along  a portion  of  the  arsenal’s 
north  boundary.  The  barrier 
blocks  the  flow  of  natural 
ground  water  from  the  arsenal 
into  a shallow  water  table.  To 
avoid  cutting  off  the  water 
source  for  individual  shallow 
wells  for  family  homes  north  of 
the  arsenal,  the  Army  is  taking 
the  water  from  six  upstream 
wells,  purifying  it,  and  returning 
the  clean  water  to  the  table  on 
the  other  side  of  the  barrier. 

A number  of  studies  have 
revealed  that  granular  activated 
carbon  is  the  safest  and  most  ef- 
fective substance  for  purifying 
industrial  waste  water.  After 
ground  water  is  pumped  from 
dewatering  wells  on  the  outside 
of  the  barrier  into  a common 
sump,  the  water  is  filtered 


through  the  carbon  purifying 
system.  The  system  is  capable 
of  removing  99  percent  of  the 
pollutants  from  the  water  at  a 
rate  of  10,000  gallons  an  hour,  24 
hours  a day,  330  days  a year. 
Because  it  is  modularly  de- 
signed, the  system  can  be  easily 
adapted  to  handle  higher  flow 
rates  and  more  stringent  water- 
quality  requirements. 

The  pilot  project  is  expected 
to  provide  the  data  needed  to 
develop  a permanent  solution  to 
the  problem  of  contaminated 
ground  water  at  the  Rocky 
Mountain  Arsenal. 


Air  Force  Modernizes 
KC-135  Stratotanker 

Aeronautical  Systems  Divi- 
sion at  Wright-Patterson  AFB, 
Ohio,  has  consolidated  manage- 
ment efforts  to  update  the  Boe- 
ing KC-135  stratotanker  aircraft, 
introduced  21  years  ago  as  the 
Air  Force’s  first  jet  tanker.  The 
modernization  effort  will  be 
handled  by  the  newly  created 
Tanker  Modernization  Division. 

The  new  division  will  install 
new  engines,  design  and  install 
winglets,  improve  air  refueling, 
and  update  the  avionics  sys- 
tems of  the  KC-135.  Planned 
modifications  to  the  aircraft  are 
designed  to  allow  it  to  carry 
more  transferrable  fuel,  incur 
lower  operational  and  support 
costs,  emit  less  exhaust,  and 
use  shorter  runways  for  takeoff 
and  landing. 


The  new  division  will  study 
the  feasibility  of  updating  the 
stratotanker’ s avionics  system, 
and  it  will  manage  the  tanker’s 
foreign  military  sales  program. 


Navy  Women  Pull 
Sea  Duty 

The  Navy  has  broken  a 
202-year-old  tradition  by  an- 
nouncing that  women  will  be  as- 
signed to  sea  duty. 

Fifteen  women  were  recently 
placed  aboard  five  support 
vessels,  and  plans  call  for  a total 
of  55  women  officers  and  375 
enlisted  women  to  serve  on  21 
ships  by  the  end  of  the  fiscal 
year. 

Recent  legislation,  a court 
decision  removing  the  legal  bar- 
riers to  such  assignments,  and 
the  projected  shortage  of  male 
recruits  in  the  1980s  led  to  the 
move. 

The  Navy  plans  to  have  210 
women  officers  and  5,120 
enlisted  women  aboard  55  ships 
by  1984.  Its  goal  is  to  have 
women  comprise  25  percent  of 
the  crew  of  each  of  the  55  ships. 

The  Navy  now  has  about 
24,200  women,  20,000  of  whom 
are  enlisted  personnel.  Women 
represent  4.3  percent  of  enlisted 
personnel  and  6.4  percent  of  of- 
ficer personnel.  By  1983,  the 
Navy  plans  to  double  the 
percentage  of  enlisted  women 
and  increase  the  percentage  of 
women  officers  to  nearly  8 per- 
cent. 
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Stanley  Resor,  Under  Secretary  of 
Defense  for  Policy 


Resor  Is  New 
Top  Aide  For  Policy 

Stanley  R.  Resor,  who  served 
as  Secretary  of  the  Army  from 
1965  to  1971,  has  assumed  the 
newly  created  position  of  Under 
Secretary  of  Defense  for  Policy. 

Mr.  Resor  will  report  directly 
to  the  Secretary  of  Defense  on 
matters  pertaining  to  political- 
military  affairs,  arms  limitation 
talks,  and  the  integration  of 
department  plans  and  policies 
with  national  security  objec- 
tives. 

Prior  to  assuming  his  new 
position,  Mr.  Resor  was  the 
American  representative  to  the 
Mutual  Balanced  Force  Reduc- 
tion Talks  in  Vienna,  Austria. 


Navy  Announces 
Energy  Award  Winners 

The  Navy  announced  the  1978 
winners  of  its  new  Energy 
Awareness  Program  for  signifi- 
cant savings  in  energy  con- 
sumption. Each  of  the  seven 
winners  competed  against  com- 
mands or  activities  of  similar 
size  and  had  to  document  ener- 
gy-saving initiatives,  providing 
exact  figures  that  were  com- 
pared to  a predetermined  1973 
base.  Winners  were: 

• The  Pearl  Harbor  Naval 
Shipyard  for  reducing  energy 
use  by  15  percent. 

• The  aircraft  carrier  John  F. 
Kennedy,  homeported  in  Nor- 
folk, Virginia,  for  saving  $6.3 
million  by  following  ocean  cur- 
rents which  increased  the  wind 
speed  across  the  deck  during 
aircraft  launching  and  recovery. 

• The  frigate  BLAKELY, 
homeported  in  Charleston, 
South  Carolina,  for  its  automatic 
boiler  control  system. 

• The  Air  Test  and  Evaluation 
Squadron  One  (VX-1),  Patuxent 
River,  Maryland,  for  saving 
$85,000  in  aviation  fuel  in  fiscal 
year  1978. 

• The  Naval  Security  Group 
Activity  in  Winter  Harbor,  Maine, 
for  achieving  a steady  decline  in 
energy  consumption  over  the 
past  five  years  while  maintain- 
ing peak  readiness. 

• The  Marine  Corps  Air  Sta- 
tion, Iwakuni,  Japan,  for  greatly 
reducing  its  energy  use  without 


adversely  impacting  mission  ac- 
complishment. 

• The  Pacific  Missile  Test 
Center,  Point  Mugu,  California, 
for  achieving  a fiscal  year  1975 
energy  consumption  level  that 
was  27.5  percent  less  than  its 
1973  level. 


Missile  Launcher 
Passes  Trench  Test 

An  experimental  transporter/ 
launcher  for  the  U.S.  Air  Force’s 
proposed  Missile  X intercon- 
tinental ballistic  missile  system 
has  successfully  passed  an 
operational  test  at  Luke  Air 
Force  Range,  Arizona. 

The  127-foot-long  breakout- 
and-erection  simulator  was  con- 
structed by  Boeing  Aerospace 
Company  as  part  of  a contract  to 
study  the  feasibility  of  conceal- 
ing the  advanced  MX  missiles  in 
covered  trenches  and  moving 
them  about  to  make  targeting  by 
an  attacker  more  difficult.  The 
system  is  designed  to  permit  a 
missile  to  survive  an  attack, 
break  out  of  a trench,  elevate 
itself,  and  be  ready  to  receive  a 
launching  command. 

During  the  test,  a simulated 
canister  and  missile  broke 
through  a specially  built  con- 
crete trench  and  its  ground 
cover  and  rose  to  the  launching 
angle  appropriate  for  intercon- 
tinental flight. 

The  canister  was  erected  by 
three  66-foot  telescoping  arms 
extended  by  hot  gases  gen- 
erated by  igniting  solid  pro- 
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pellant.  Filled  with  water  to 
simulate  the  weight  of  a missile, 
the  10-foot-diameter  canister 
weighed  approximately  386,000 
pounds. 

The  Air  Force  Space  and 
Missile  Systems  Organization  is 
studying  the  covered  trench  and 
other  concepts  to  determine  the 
best  method  of  basing  MX 
missiles. 


Roland  System  Being 
Put  Through  the  Paces 

The  US  Roland  Air  Defense 
Missile  system,  the  first  foreign- 
designed  major  weapon  system 
built  in  the  United  States  for  the 
Army  has  successfully  passed 
the  principal  part  of  its  test  pro- 
gram. The  program  included  a 
series  of  stringent  test  firings 
over  the  White  Sands  Missile 
Range,  New  Mexico,  and  ground 
tests  at  Aberdeen  Proving 
Ground,  Maryland. 

In  the  White  Sands  test,  the 
missiles  were  fired  against 
computer-simulated  targets, 
drones,  and  unmanned  F-86  and 
F-102  fighters.  Both  U.S.  and 
European  missiles  were  fired  in- 
terchangeably from  fire  units 
manufactured  both  here  and 
abroad. 

At  Aberdeen,  the  system  was 
moved  by  helicopter  to  check  its 
transportability  and  its  surveil- 
lance radar  endured  a jolting 
track  test.  The  all-weather 
Roland  system  is  manufactured 
under  license  from  designs 


developed  by  French  and  West 
German  companies.  More  than 
90  percent  of  the  field-replace- 
able  parts  and  all  missiles  are 
interchangeable  among  the 
American,  French  and  German 
fire  units  (See  “U.S.  Roland:  A 
Milestone  in  Technology 
Transfer,”  May  1978  DMJ).  The 
Army  expects  to  save  roughly 
$600  million  and  four  to  five 
years  in  development  time  by 
using  European  technology. 


Top  Navy  Job  For 
Equal  Opportunity 

Mr.  Alexander  A.  Silva  is  the 
Navy’s  first  Deputy  Assistant 
Secretary  for  Equal  Opportunity. 
He  will  be  responsible  for  de- 
veloping and  implementing 
equal  opportunity  policies  and 
programs  for  Navy  military  and 
civilian  personnel.  In  the  past, 
this  responsibility  was  divided 
between  the  Assistant  Deputy 
Chief  of  Naval  Operations  for 
Human  Resources  Management 
and  the  Office  of  Civilian  Per- 
sonnel. The  new  position  was 
created  to  underline  the  Navy’s 
strong  commitment  to  equal  op- 
portunity. 

Prior  to  assuming  this  posi- 
tion, Mr.  Silva  had  been  with  the 
General  Accounting  Office  for 
the  past  seven  years,  the  last 
three  as  its  Director  of  Equal 
Employment  Opportunity.  He 
had  served  in  the  Navy  from 
1947  to  1956  and  achieved  the 
rank  of  first  class  petty  officer. 


New  Windshield  Not 
Strictly  for  the  Birds 

A new,  lightweight,  birdproof 
windshield  developed  for  the  Air 
Force’s  F-111  aircraft  will  save 
taxpayers  over  $100  million  by 
eliminating  a scheduled  pro- 
gram for  structural  changes  on 
that  plane. 

Low-level,  terrain-following 
missions  flown  by  the  F-111  ex- 
pose the  aircraft  and  its  crew  to 
greater  risk  of  bird  collisions. 
Many  lives  have  been  lost  and 
millions  of  dollars  wasted  as  a 
result  of  such  accidents. 

The  redesigned  cockpit 
enclosure  ordered  by  the  Depart- 
ment of  the  Air  Force  was 
developed  through  the  coopera- 
tive efforts  of  the  Air  Force 
Flight  Dynamics  Laboratory,  the 
University  of  Dayton,  and  Sier- 
racin  Corporation.  Capable  of 
withstanding  the  impact  of  a 
4-pound  bird  at  500  knots,  the 
enclosure  costs  less  than 
previous  ones,  reduces  the 
weight  of  the  crew-escape 
module  by  53  pounds,  and  is 
free  of  the  optical  problems 
found  in  other  designs. 

The  windshield  includes  a 
thinner,  simpler  cross  section 
that  has  a more  balanced  center- 
to-edge  performance  and  em- 
ploys less  optically  sensitive 
processing.  By  utilizing  the 
same  design  philosophies  and 
materials  technology,  techni- 
cians can  birdproof  any  aircraft 
without  undertaking  costly 
structural  changes. 
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Deputy  Secretary  of  Defense  Charles  W.  Duncan,  Jr.,  welcomes  executives  of  the 
minority  business  community. 


DoD  Minority  Business 
Program  Reaffirmed 

Deputy  Secretary  of  Defense 
Charles  W.  Duncan,  Jr.,  is 
holding  a series  of  meetings 
with  executives  from  the  minori- 
ty business  community  in  order 
to  establish  a forum  for  the  ex- 
change of  information  on  the 
DoD  Minority  Business  Enter- 
prise Program  (see  “Minority 
Businesses  Taking  Wing  Under 
Air  Force,”  January  1978  DMJ). 

Secretary  Duncan  declared 
that  DoD’s  commitment  to  the 
program  has  not  been  altered  by 
the  recent  Supreme  Court  deci- 
sion in  the  Allan  Bakke  case. 
While  acknowledging  that  the 


impact  of  the  decision  is  careful- 
ly being  analyzed  to  assure  DoD 
compliance  with  the  Court’s  rul- 
ing, the  Secretary  reaffirmed 
DoD’s  commitment  to  strength- 
ening its  minority  business  pro- 
gram. He  stated  that  DoD  uses 
goals  and  target  figures  merely 
as  guides  in  achieving  results 
and,  as  such,  is  not  affected  by 
the  Bakke  principle. 


$25,000  Incentive  Award 
To  12  DoD  Employees 

Twelve  Army  scientists  from 
the  U.S.  Army  Armament 
Research  and  Development 
Command’s  Benet  Weapons 
Laboratory,  Watervliet  Arsenal, 


New  York,  are  sharing  a $25,000 
cash  award,  the  largest  at- 
tainable under  the  Federal 
Employees  Incentive  Awards 
Program.  The  twelve-member 
team  developed  a simulated 
test-firing  method  for  determin- 
ing the  safe  firing  life  of  cannon 
barrels. 

The  innovative  method 
substitutes  laboratory  simula- 
tion for  a major  portion  of  costly 
firing  to  determine  how  long 
cannon  barrels  can  be  used 
before  metal  fatigue  makes 
them  unsafe.  The  technique 
uses  an  ultrasonic  control 
system  that  automatically 
detects  the  location  and  depth 
of  cracks  that  may  develop  in  a 
gun  tube. 


Navy  Manager  Wins 
Engineering  Award 

Raye  J.  Parrott,  a Navy  com- 
puter systems  analyst,  recently 
received  the  1978  Manufacturing 
Achievement  Award  from  the 
Society  of  Manufacturing 
Engineers,  becoming  the  first 
woman  professional  engineer  to 
be  so  honored.  Ms.  Parrott, 
director  of  Manufacturing 
Technology  Programs  for  the 
Navy’s  Computer-Aided  Ship 
Design  and  Construction  Pro- 
gram at  the  Naval  Ship  Engineer- 
ing Center  in  Washington,  DC, 
was  cited  for  her  outstanding 
contributions  to  computer-aided 
design  and  manufacturing  of 
shipbuilding  systems. 
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Event 

Date 

Place 

Contact 

Systems  Acquisition 
Management:  1979 

Nov.  29- 
Dec.  1 

San  Francisco,  CA 

AIIE  Seminars 
P.O.  Box  3727 
Santa  Monica,  CA  90403 
(213)  450-0500 

Quality  Audit— Development 
and  Administration 

Dec.  4-6 

Milwaukee,  Wl 

American  Society  for  Quality  Control 
161  West  Wisconsin  Avenue 
Milwaukee,  Wl  53203 

Quality  Engineering 

Feb.  5-9,  1979 

Clearwater  Beach,  FL 

(414)  272-8575 

Security  Management 

Dec.  4-7 

St.  Louis,  MO 

Indiana  University 

Center  for  Public  Safety  Training 

ISTA  Building,  Suite  400 

160  West  Market  St. 

Indianapolis,  IN  46204 
(314)  264-8085 

Writing  Professional  and 
Technical  Communication 

Dec.  4-7 

Washington,  DC 

George  Washington  University 
Continuing  Engineering  Education 
Washington,  DC  20052 
(202)  676-6106 

Standards  and  Specifica- 
tions for  Industry  and 
Government 

Jan.  31- 
Feb.  2,  1979 

Washington,  DC 

Computer  Security  Con- 
ference 

Dec.  6-8 

Washington,  DC 

American  Society  for  Industrial  Security 
2000  K St.,  N.W.,  Suite  651 
Washington,  DC  20006 
(202)  331-7887 

Physical  Security  Con- 
ference 

Jan.  22-23, 
1979 

Washington,  DC 

Contract  Administration 
and  Management 

Dec.  11-14 

Washington,  DC 

American  Graduate  University 
and  Procurement  Associates,  Inc. 
733  North  Dodsworth  Ave. 

Covina,  CA  91724 

Project  Management 

Dec.  11-15 
Jan.  8-12, 
1979 

San  Francisco,  CA 
Washington,  DC 

(213)  331-5484  or  (213)  966-6814 

ADP  Procurement 

Jan.  15-17, 
1979 

Washington,  DC 

Graduate  School,  USDA 
356  National  Press  Building 
529  14th  St.,  N.W. 
Washington,  DC  20045 
(202)  447-6693 

Conference  on  Strategic 
Directions  and  Defense 
Technology  ’79  exposition 

Feb.  18-21, 
1979 

Chicago,  IL 

Defense  Technology  ’79 
411  West  Putnam  Avenue 
Greenwich,  CT  06830 
(203)  323-2179 
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